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PREFACE 

To tAe SMnd Edition 


W HEN it was found necessary to compile a second edition of this 
work, it was at once obvious that a Ample revision or amplification 
of the first edition would be entirely insufficient. 

Since 19x1, when the first edition was issued, both the theory and the 
practice of the work done in the province of sugar manufacture hav% made 
such great strides that almost every chapter of the book has had to be re> 
modelled and re-written in order to be brought up to the present standard 
of the work. 

Especially have the sections on Juic& Extraction, Clarification. 
Filtration. Prrsbrvation of Sugar and Molasses, undergone radical 
changes and been brought more in line with modem views and tlieir practical 
application. 

The general trend of the book, however, which has hitherto been found 
practical and useful, has remained as it was put forward in the Preface to the 
First Editioti. 

I gratefully avail rnyseU of this opportunity to offer my sincere thanks to 
niy son, Mr. R. J. Prinsen Geerligs. for his valuable assistance in the com¬ 
pilation of the numerous data scattered througjiout the literature of the 
subject, and their arrangement in this volume: and to Mr. Norman Rodger 
and Mr. James P. Ogilvic. F.I.C., for their thorou^ and painstaking editing 
of the manuscript, and for their careful reading of the proofs. 


H. C. PRINSEN GEERLIGS, PH.D. 



PREFACE 

T0 the First EJition 


T he ain) ot the pn^it work is to compile in one book everything that 
is known about the chemistry and the tcchnolc^ of the sugar cane 
and cane manufacture. 

In doing this, the discussion of technicalities relating to machinery has 
been carefully avoided, because this subject is already suihdcntly dealt with 
in Nogl Deerr's work. " Sugar and the Sugar Cane."' Only those points are 
mentioned here which are indispensable for the proper understanding of the 
chemical and technical questions investigated in this work. 

Although the author has chiefly made use of his own investigations 
and researches carried on during his 17 years' continuous stay in Java at the 
head of the West Java Sugar Experiment Station, he has also gladly and 
gratefully roferrod to the results of work done by lus colleagues in other parts 
of the world. In every case, where reference is made to the work of others, 
this has hern acknowledged in a foot-note. 

The enumeration of the chemical and physical characteristics of the 
three kinds of sugar is chiefly borrowed from Prof. Dr. E. O. von Ijppmann's 
excellent handbook. '* Die Chcmic der Zuckerarten." 

In agreement with that distinguished scientist, the author has used 
in his book Fischer's nomenclature for the different kinds of sugar, because 
the terms dextrose and Uvuiose are fast becoming obsolete in scientific literature 
and are apt to cause confiLsion. 

In the present work the different terms have the following significa¬ 
tion 

Sugar t The commercial product. 

Sucrose: The chemical body, the principal constituent of the commercial 
product. 

Glucose : The chemical body, also called dextrose. 

Fructose : The chemical body, also called levflRse. 

Invert Sugar : The mixture ol exactly equal proportions of glucose 
and fructose. 

Reducing Sugar : Mixtures of uneven proportions of glucose and 
fructose. 

The author has i^easure in acknowledgit^ his great indebtedness to 
two gentlemen. Mr. James P. Ogilvie. Associate Editor of the ItUerntUional 
Sugar Journal, and Mr. T. H. P. Heriot—especially the latter—for a painstaking 
and laborious revision of the Engli^ text. 

H. C. PRINSEN GEERLIGS. 

Am%terdaic, Afay. 1909* 
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CHAPTER I 


THE CONSTITUENTS OF THE SUGAR CANE 


I.—Cane Sugar or Sucrose 

OeturroDO« Ui Ktlore.—Sucrose is found in a grrat many plants^ dissolved in 
the sap. Although it may bt* considc!\>d as one of the most universaj con¬ 
stituents of plants, only a few of them contain it in such a drgn^ and so 
sparingly mixed with other bodies as to allow of its profitablr extraction. 
Such arc: the sugar cane: the beetroot; the sorghum ; the coco, date, 
palmyra and nipah palms ; and the maple tree. Tlicn bees extract it from the 
flowers of many plants, but in this case it is soon transformed into invert sugar. 

CrystaUlne Pofm*—Sucrose appears in the form of anhydrous, bright, 
monocUnic crystals. having a pure, sweet taste, and pos.ses.sing a si)eciflc gravity 
of l*6g5 at 16^C. Large crystals, candy for instance, which have crystallized 
out slowly from hot solutions, are formed by the combination of parallelic 
disposed Iamell<e, which generally include parts of the mother-liquor in their 
interstices. Such a crystal can be split like a diamond along its axis by a 
sharp, heavy blow with a hammer. The occluded mothcr-Uquor can cause 
coloration of the candy crystals; moreover, owing to its presence, candy. 
)ghich externally is perfectly dry. on pulverization often yields a moist powder. 
When a broken crystal of sucrose is placed in a supersaturated solution of the 
same substance and allowed to grow there, the damaged portion will gradually 
become healed, until the original form of the crystal' is restored : after that 
crystalline growth proceeds regularly, provided it is allowed to do so in every 
direction, as, for example, when the crystal is suspended by means of a thread in 
a super^turated sucrose solution, which is thickened with isinglass or agar-agar, 
or when it is kept in regular and constant motion in a supersaturated solution. 

Sucrose crystallizes from its aqueous solution in crystals, which are larger 
in fHOportion as the liquid in which they are formed contains a less amount 
of bodies other than sucrose and as the crystallization is ^wcr. Very rapid 
crystallization or crjrstallization from syrups containing a large amount of 
foreign substances is apt to yield small sucrose crystals. 

Further particulars concerning the crysCailization of sucrose will be found 
in the chapter on 
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Strongly supersaturated sucrose solutions when agitated will suddenly 
deposit very minute so-called *' mealy crystals, ^ilst steady agitation (rf 
moderately supersaturated sucrose solutions causes the aystals to grow as 
slowly and continuously as when at rest. In this case th^ become even m<ve 
regular, because, owing to the c<mstant motion, they are free in every direction 
and are able to move throughout the whole of the supersaturated liquid, which 
gives them a more regular crystalline form than if they had remained deposited 
on the bottom of the crystallization vessel. 

Sucrose, even when it is in a pure state, sometimes crystallizes in an abnor¬ 
mal form from. solutions containing certain foreign bodies, such as raffinose, 
zinc salts, some caldum salts,' or products resulting from the overheating of 
sugar. The influence of these substances is, however, not always perceptible, 
as sucrose will sometimes crystallize in its usual form from solutions containing 
a large proportion of raffinose. The abnormality of the crystalline form of 
sucrose consists in the stretching of one of the axes of the crystal, which causes 
it to assume the shape of a needle. This becomes very obvious when the 
crystals combine into bundles. 

SolublUty In Water.—Sucrose Is freely soluble in water and its solubility 
increases as the temperature rises. The Values for the solubility of sucrose 
at different temperatures are recorded in the following table compiled by 
Herzfcld*:— 


li 

Per cent, 
of 

1 SucroM. 

1 

i 

Per cent, 
of 

Sucrose. 


Per cent, j 
of ' 

Sucroee. I 

1 

Temper* 

ature. 

1 

Per cent. 
t>i 

Sucrose. 

il- 

Per cent, 
of 

Sucroee. 

•c. 


•C. i 


'C, 


Q| 



Ml 

0 

6418 

14 

66-18 

28 

68-37 


70-78 

56 

msm 

1 ; 

0431 

15 

66-33 

20 


!K1 

70-96 

57 

73-58 

2 

64*45 

16 

66-48 

o 

68-70 

441 

7M4 

58 

78-78 • 

3 

64 59 

!i? 

66^ 

. 31 

68-87 

45 

71-32 


73-98 

4 

64-73 

1 18 

,96-78 

i32 

69-04 

46 

71-60 

80 . 

74-18 

R 

64 87 

' 19 

66-93 

; 33 

69-21 

47 

’71-68 

01 

74-38 

6 

6501 

120 

67-09 

i 34 

69-38 

48 

■SB 

02 

74-68 

7 

65*15 

1 21 

67-25 

m 

69-55 

49 

mam 

63 

74-78 

8 

65-29 

: 22 

67-41 

i 36 

69-72 

60 

mSM 

64 

74-98 

El 

65-43 

1 23 

67-57 

'37 

69-89 

51 

72-44 

i 05 

75-18 

10 

65-58 

! 24 

67-W 

i 38 

: 70-06 

1 52 

72-63 

1 

! 66 

75-38 

11 

65-73 

2S 

67-89 

39 

70-24 


72-82 

67 

75-59 

12 

65 88 


684)6 

40 

70-42 


78-01 

68 

76-80 

13 

66413 

27 

1 


i 

70-60 

iBPS 

73-20 


76-01 
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Per cent, 
of 

' Socroee. 

1 

u 
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Sneroee. 

it 
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Per cent, 
of 

Suuuer. 

h * 
8.21 
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Per cent. 
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Sucfoee. 


Per cent, 
uf 

SucroM. 

•c ; 

1 1 
1 

•c. 

■■■ 



•c. J 


1 •c. ; 


70 

76*22 

77 


I 84 

79-24 ; 

91 , 


98 ! 

82-40 

71 

76-43 

78 ' 


;85 

i 79-46 

1 

92 

81*07 


82-73 

72 

76*64 

70 

mam 

• • 

I 86 

76-69 

1 03 

mem 


82 79 

73 

76*85 

80 

■SB 

! 87 

79-92 I 

194 

81-63 

• 1 

1 - • . 

1 

74 

77 06 

81 

78-68 

:88, 

80*16 

95 

81-77 

F -: 

1 

1 

76 

77-27 : 

82 

78-80 

l! 89 

80-38 . ^ 

ipa 

1 82-01 

i' ^ 

i ... 

76 

77-48 

83 

79*02 

ll 90 

80-61 ; 

la 

82-26 

i- 

f 

— 






\ _ 


J _ 



General formula for the sdubility :jk » 641835 013477 x h 0-on05307x>. 

y WB per cent, of sugar, and x temp, in degrees C. 

CoBtraetlOD on being diMoWed la Water. —When suaose is dissolved in 
water a considerable contraction takes place; this reaches its maximuni at 
66 per cent.^ as may be seen from the following table* 


Sccaotn. 

Gbms. 

W*rte. 

Gnua 

VOLUMB. 

C.C. 

1 

SUCKOU. 

Oana. ' 

Watbr. 

GaMa 

VOtUMB. 

cc. 

0 

100 

1 100-0000 1 

660 

460 ' 

990069 

to 1 

1 90 

99-7218 * 1 

65*9 

44-1 

; 990065 

20 1 

80 ! 

99*4732 1 

• 

660 ' 

440 

1 99*0042 

30 

1 70 1 

99-2822 

66-1 

439 

990055 

40 

1 

: 60 

99-1103 

670 

430 ; 

1 

! 99*0069 

60 

60 

99-0219 


.. 1 

i _ 

60 

40 

900121 



— 

70 

30 

990921 



— 

80 

20 

09-2756 




90 

10 

99*6746 



..... 

100 

0 

100*0000 



■ 


£.avcoUpp«Ma |«SI. 
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Sp. Or. of SooroM Solittloiis«-^According to Brix tables the specific gravity 
of sucrose solutions is at a temperature of 16^ C. as follows 


Per 

Cent. 

Specific Gravity. 

Per 

Ceat. 

Specific Gravity. 

Per 

Ceet. 

Specific Gravity. 

i 

1 

1*00388 

23 

1*09686 

45 

1 1*20565 

2 

1*00779 

24 

1*10145 

46 

1*21100 

3 

1*01173 

25 

1*10607 

47 

1*21639 

4 

1 01570 

26 

1*11072 

48 

1*22182 

6 

1*01970 

27 

1*11541 

49 

1 1 *22728 

6 

1 *02373 j 

28 

1 1*12013 

50 

' 1 23278 

7 

1 02779 

29 

M2488 

51 

! 1*23832 

8 

1*03187 

30 

M2967 

52 

1*24300 

9 

1*03599 

31 

1*13440 

53 

1*24961 

10 

1*04014 

32 

1 *13934 

54 

i ]*25571 

U 

1*04431 i 

33 

M4423 

55 

1 26086 

12 

1*04802 

34 

1*14910 

56 1 

1 *26658 

13 

1*05276 

35 i 

M5411 

57 ! 

58 j 

1 *27235 

14 

1*06703 

36 * 

M5911 

1*27816 

15 

1*06133 

37 ! 

1*16413 

59 1 

1*28400 

16 

1 06566 

38 

1 

! *16920 

00 ! 

1 *28989 

17 

1 07002 

39 I 

M7430 

61 ! 

1 *21)581 

18 

107441 

40 

1*17934 

62 ; 

1 *30177 

19 

1 07684 

41 

1 18460 

63 

2 *30777 

20 

1*08329 

42 

1*18981 

64 1 

1 31381 

21 

1 08778 

43 

1 19505 

65 ' 

1 *31989 

22 

1*09231 

44 

1*20033 

66 

1*32601 

a- *— ■ U 


Gcrlach calculated the following formula for the specific gravity of x per 
cent, of sucrose dissolved at 17*5^ C. 

y « 1 0i)0386571327 X 4-0^)0001414091916 X* + 0<MXK)000dd8794657176s;« 

from which values Scheibicr computed the following interpolation formula; 


t 

i 

$ 

i 

( 

t 

i 

i 


^ 1 -f 0003976844 X 
:i + 0*003915138 ;r 
i 1 + 0 003884496 js 
1 +OOOS844136X 
1 +0*00370e426x 
1 4-0*003764028 X 
1 +0-003722992X 
60^ y 1 4- 0*008683112 s 


0^y 
10*. y 
16 %y 
20*,y 
30^y 
40".y 
60". y 


4-0*0000142764 
+ 0*0000139524 
+ 0*0000139399 S* 
+ 0*0000144092 X* 
+ 0 *0000146456 s* 
+ 0 *0000143700 
+ 0 *0000148080 
+ 0*0000155904 X* 


+ 0*0000000291204* 
+ 0*0000000327284* 
+ 0*000000033806 4* 
+ 0*0000000309124* 
+ 0*000000030664 4* 
+ 0*000000085192 4* 
+ 0-0000000324404* 
f 0*000000026868 4* 
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T 


A]tbou|h yet other fomvltt have been suggested, those mentioned here 
are quite sufficient for ordinary purposes. 

Influeoee of Temperature on the 6p. Or.- 'The specific gravity of sucrose 
solutions diminishes as the temperature rises, because the rise in temperature 
increases their volume. * Gerlach determined the following values for the 
specific gravity of solutions of different concentrations, at various temperatures, 
in which water at C. » 1 . 


1 

X. 

0 tier cent. 
Sucrose. 

! lOpercent- 
Sucroiv. 

SO per cent. ! 4l> percent. 
Sucrose, j Sucrose. 

____ _ __j 

1 1 

' eOj>erccnt. 
Sucrow. 

7Sper cent. 
Sucrose. 

0 ! 

1 0007 

1-0630 

11337 

1-2113 

1 -2972 

1 1-3916 

20 

00996 

1 

1-0606 

M2H8 

1-2046 

1-28B9 

1 1-3822 

40 


1-0004 

1-1212 

1-1058 

1-2794 

I 1-3722 

60 


1-0448 

1-0881 

1-1861 

1*2683 

1 3610 

80 

0-9745 

1 -03.36 

1-0768 

1 1729 

1 •2r.62 

1-3488 

100 

1 

0 9621 

1-0202 

, 1-0634 

1 

M697 

1-2424 

1 

l-:t356 


At the 6th Session of the International Commission for the Unification 
of Methods of Sugar Analysis held in London, on May 31st, 1909, it was resolved 
to adopt universally in sugar analytical methods the tables for the specific 
gravity of sucrose solutions prepared by the Imperial German Normal 
Standardisation Commission, in which that of water at 4^ C. was taken as 
unity, and the sucrose solutions are tested at 30^ C. pages 8 and U). 

For calculating the percentage of sucrose in solutions tested at tom per a* 
turcs deviating from 30^ C., the table on page 10 may be used, calculated by 
^Lange from the figures found by tJjc Imperial German Normal Standardisation 
Commis^n* 


Boiling Point of Aqueous Suerose Solutions. —According to Gerlach’s 
researches, the boiling point of aqueous sucrose solutions of difierent con¬ 
centration is at the <vdinary atmospheric pressure:— 

Per cent. Sucrose 10 20 30 40 60 60 70 80 00*8 

Temp^ature 100-4 100-6 101-0 101-5 102-0 j03 0 lOO-S 112-0 130-0’’C. 


Solubility of Suerose In Presence of Invert Sugar, —T. van der Linden* gives 
a table for the solubility of sucrose in water when invert sugar is present 
simultaneously at temperatures of 30^ and 60^ C, of which the averaget 
are reproduced on page II. 


a 


• vwr ^ >r« Sttttetodtaov,” ISI9. 
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Tablk ior finding thb Content of Pure Sucrose prom tUb True 
Density at 20* C. with Water at 4* C. as Unity. 


^ 4 

O-D 

<►1 

(32 

1 1 

0-4 

0-5 1 

0-6 

0-7 

0-9 

0-9 

^ Q 
£Ji\ 


I'hk at 20* C «4 tbe vniu ar «lw teft^haod aod ib« traib* abort. 


0 

<3996234 

0-990962 

0-999010 

1 0-999399 

0-999796 

1 000174 

1000563 

1-000952 

1-001342 

1-001731 

1 

I002J20 

1-002309 

1-002997 

» 1-003296 

1003675 

1006066 

1004453 

1 004944 

1-005234 

1-005624 

2 

1006013 

1-006405 

1-006796 

! 1-007199 

1007590 

1-007972 

1-009363 

1009755 

1-009149 

1-009541 

3 

1009034 

l-0103n 

1010721 

[ 1011115 

1011510 

1-011904 

1-012299 

1-012694 

1013099 

1-013495 

4 

I>0I30I1 

1-014277 

1014673 

1 1013070 

1015467 

1-015964 

1-016261 

1016659 

1017051 

1-017456 

5 

1 017934 

1-019253 

1-019632 

1019032 

IOI94S1 

I-0I905I 

(020251 

1-02D65I 

102105) 

1-021454 

« 

I•02I933 

1-022257' 

1022659 

102)061 

1023461 

1-02)667 

1024270 

1-024673 

1-025077 

1-025491 

7 

1-023093 

1-026219 

1026696 

1 027099 

1-027504 

I4>279I0 

1029316 

I-029722 

1-029129 

1-029535 

1 

1-029942 

1030349 

1030757 

1-0)1165 

103157) 

1-0)1992 

1032)91 

1-0)2900 

1 033209 

1-033619 

4 

r-D34029 

1034439 

1036850 

1035269 

10)5671 

1-0)6092 

1036494 

1 036906 

1-0)7319 

1-037730 

10 

1-039143 

1031336 

1038970 

1039393 

1-039797 

1 1-040212 

1040626 

1041041 

1-0414)6 

1-041972 

II 

1-042299 

1-042704 

I043I2I 

1043337 

1043954 

' 1-044370 

1044799 

1-045206 

1-045625 

1-04604) 

12 

1-046462 

1046991 

1-047100 

1047720 

1-049140 

; 1-049559 

1048999 

1-049401 

1-049922 

1-050243 

13 

1-030663 

1-051097 

1-031310 

1051933 

1-032356 

1 1-052779 

1053202 

1-053626 

1-054050 

1-054475 

14 

1-034900 

1-055125 

1-055751 

1-056176 

1056602 

; 1-057029 

1-057455 

1057192 

1-059310 

1-050737 

13 

1-059163 

1-039593 

I-060Q22 

1060651 

1060980 

: 1-061209 

1 

1061759 

1-062169 

1 062399 

1-063029 

16 

1 063460 

1063992; 

1 064324 

1 064756 

1065190 

: 1-065621 

1066054 

1066497 

1-066921 

1-067355 

17 

1 067799 

1068223! 

1069651 

1069093 

1069529 

; 1069964 

1070400 

1-070936 

1-071273 

1-071710 

l» 

1-072147 

10725931 

107)023 

1073#! 

1073900 

: 1-074339 

I074n7 

1075217 

1-075657 

1-076097 

W 

1-076337 

1-076979; 

1077419 

1077860. 

I078K2 

I 1-079744 

1079187 

1 079629 

1-090072 

1-000515 

20 

1-000939 

IOII403I 

1 

1011949 

1-012292 

10127)7 

. 1-091192 

109)621 

1094074 

r-094520 

1-064967 

2l 

I-06S414 

1-065961 

1-096)09 

1096757 

1-097205 

1 

1-097652 

1099101 

1 069550 

1-099000 

1-099450 

22 

1-069900 

1-090331 

1090902 

1-0917531 

1-091704 

» 1-092155 

1-092607 

1093060 

1 093513 

1-09)966 

23 

1 094420 

1-094874 

1-095329 

1-0957921 

1-096216 

; 1-096691 

1-097147 

1-097603 

1 099959 

1-099514 

24 

1-099971 

1099429 

1099696 

1-100344 

1-100902 

' 1-101259 

1-101719 

V102177 

11036)7 

M03097 

23 

1-103337 

1-104017 

1-104479 

1 I0493II 

I-I0540D 

1-105662 

1-106324 

1-106796 

1-107249 

I-I077II 

26 

1-109173 

1-101639 

1-10910) 

1-109569' 

1-11003) 

1-110497 

1-110963 

1-111429 

1-111995 

I-II236I 

27 

1-112929 

1-M3295 

1-M3963 

MI4229 

1-114697. 

1-115166 

1-115635 

l-J 16104 

1'116572 

1-117042 

26 

1-II73I2 

1-117992 

I-1I94S3 

I-II9923 

1-119395 

1-119967 

l-l 20339 

1-I2D912 

1-121294 

1-121757 

26 

1-122231 

1-122705 

1-123179 

i-123653 

1-124129' 

1-124603 

1-125079 

1-125555 

1-126030 

1-126507 t- 

30 

1-126964 

1-177461 

1-127939 

1-129417 

1-128996 

1 

1 1-129374 

1 1 

1-129953 

M30332. 

1-1)0912. 

1 

(-131292 

31 

t-111773 

1-132234 

1 1 132735 

1-133216 

1-1336991 

1-134190 

1-134663 

1 

1-135146' 

1-135629' 

M36il2 

32 

1 136596 

1-137090 

1-137*^5 

! I-139(H9 

1-1)9534' 

1 1)9020 

1-139506 

1-139993' 

M40479j 

1-140966 

33 

I-I4I433 

I-I4194I 

1-142429 

1-142916 

1-143405, 

1-143894 

1-144394 

1-144974 

1-145363, 

1145954 

34 

1-146345 

1-146936 

1-147329 

1-147820 

1-148)13' 

1-148905 

1-149299 

1-149792 

1-150296 

1-150790 

3$ 

1-151275 

1-151770 

1-152263 

I-1527D0 

1 MS3256 

1 

1-153752; 

1 154249 

1-154746. 

MS5242 

1-155740 

36 

1-156236 

1-156736 

1-157233 

1-157733 

1 M59m 

MS9733 

l•159^33 

1 

M59n3! 

M60B3 

1-160734 

37 

1-161236 

M6I739 

1-162240 

1-162742 

1-163245 

M6374|| 

1-164252 

1-164756 

1-165259 

M65764 

36 

1-166269 

1166773 

1-167281 

M677V6 

: 1-168293 

1-1698001 

1-169307 

1-169615 

1-170)22 

1-170931 

39 

1-171340 

I-I71B49 

1-172339 

t-172869 

1-177997 

1-173379 

M73989 

1-174400 

1-174911 

1-175433 

1-175935 

40 

1-176447 

M76960i 

M77473 

1-171501 

1-179014 

1-179527' 

1 

r-190044 

i-190560 

1-191076 

41 

1-191392 

1-192Im! 

MI2623 

1*193142 

1 

1-193660 

M94I79 

1 

1-1946961 

I•1952I5 

f-195734 

1-19625) 

42 

1-196773 

1-197293 

M97S14 

i-198») 

: I -1II9S6 

1-189379 

1-199901 

M904U 

1-190946 

1-191469 

43 

1-191993 

1-192517: 

1-19)041 

1-193365 

1-194090 

1-194616 

!• 195141 

M99667 

1-196193 

t-196720 

44 

1-197247 

M97775 

M99S03 

1 199932 

1-199360 

1-199990 

I-2D0420 

1-2I»956 

1-291490 

1-802D10 

43 

1-202540 

1-203071 

1 203603 

1-204136 

1-204669 

1-205200 

1 

1-205733 

1 

1-206266 

1-206901 

I I-2073H 

46 

1-207970 

1-209405 

1 290960 

l-2D9<n 

1-210913 

1 1 210549 

I-211D96 

1-211425 

1-212162 

' I-V2700 

47 

I-2I323I 

1-213777 

1-214317 

1-214936 

1-215395 

' 1-215996 

1-216476 

T-217017 

' 1-217559 

' 1-219101 

46 

1-21160 

I•2r9l93l 

1-219729 

1 

1 1 

l-2202n 

1 

1 

1-220915 

1 

1 

, 1-221360 

1 

1-221904 

1-2&449 

1-ZZ2995 

' 1-229590 
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|i 


01 

0*2 

0*3 

0*4 

0*5 

i 

1 

1 

0-0 

0-9 


( fnie dtmuy at 20* C. of c he noiift ac tbe kft 6 huI a»d tte t^lht abovt. 

1 

m 

1 

1*224066 

' 1*224652 

1*225100 

1 1 225727 
< <*2)1219 

1226774 

1 12M21 

1*227371 

1*22791) 

i 

1 220469 

' 1229010 

yi 

h229567 

1 1*250117 

1*2)0668 

1-2)1770 

' 1-232)22 

1*252874 

1*213426 

1 

> 1*235975 

' I-2545J2 

>1 

1255005 

1*235659 

I-236J94 

1 1*236740 

1-2)7505 

1 237059 

1*:504<4 

1*2)0970 

1*2)5527 

1-240094 

52 

1*240641 

1241150 

1*241757 

, 1 242315 

1*242073 

1 1 24H3) 

1 243992 

1-244552 

1*245115 

1*245673 

53 

1*246234 

1*246795 

1*247359 

' 1*247920 

1-240402 

1*249046 

1*249609 

1*250172 

1 250737 

1*25)501 

54 

1*251066 

: 1 252451 

1*252597 

1 1*253563 

1*254125 

1 1*254697 

1 255264 

1-255031 

1*2)6400 

1*256967 

55 

1*257535 

1 1*250104 

1 259674 

1*259244 

1*255015 

1 1*260)65 

1 260955 

1*261527 

1*262059 

1*262671 

54 

1 2U243 

1*245016 

1*264390 

1*264963 

1*265537 

1*266112 

1*266696 

1*267261 

1*267057 

1*260415 

57 

1*260905 

1*269565 

1*27014) 

<-27ono 

1 271295 

1 271077 

1*272455 

1-2730)5 

1*275614 

1*274194 

5$ 

1*274774 

1*275554 

1*275956 

1276517 

1*277059 

1-277600 

1*271262 

1*270944 

1*279420 

1*200011 

59 

1*200555 

1 201175 

1*211764 

1*202)49 

12029)5 

1*203521 

< 294(07 

<204654 

1*295211 

1*205069 

40 

1*206456 

1*207044 

1*207655 

1*200222 

1*209011 

1*209401 

1*299991 

1*250511 

1-291172 

1 291765 

41 

1*292554 

1 252540 

1 253559 

< 2541)1 

1-254725 

1 295)10 

1 295911 

1 256506 

1297100 

1 297696 

62 

1*250251 

1*296006 

1*259403 

1-300079 

1*300677 

1-301274 

1 301171 

1 )02470 

1*50)060 

1 503660 

43 

1-304267 

1*304067 

1)05467 

l*M60 

1*106669 

1*307271 

1*597172 

1-300475 

1*50907? 

1 309600 

44 

1*310202 

1*310055 

1*}ri409 

1*31209) 

1 512699 

l*)l)304 

1*313409> 

1*314515 

1315121 

r*) 13729 

45 

1*3143)4 

1*316941 

1*317549 

I*)!!!)) 

1)11766 

1*315374 

1 

1 315903 

1*320593 

1 32120) 

1*321014 

44 

1*522425 

1*3250)6 

r 323640 

1*124255 

1*324972 

1 325494 

1 326097 

1 326711 

1 327)2) 

1*327940 

67 

1*320554 

1*529170 

1* 329705 

1 )30401 

1 3)1017 

1 )516)) 

1 ))2250 

1 3)2069 

( 1 355405 

1 534105 

60 

1*334722 

1 335342 

1*335961 

1*3)6501 

1 330200 

1 337021 

1*330441 

: 1*339063 

f 1*339604 

1*340506 

65 i 

1*340920 

1*341551 

< 542174 

1*542790 

1*545421 

1*544046 

1*344671 

1 54)296 

1 345922 

1*346547 

70 1 

1*347174 

1 

1-347801 

< 540427 

1*549055 

1 )49602 

1*550511 i 

1 )50935 

1*551560 

1 

1*352197 

1*352027 

71 

1*353456 

1*355007 

1)54717 

1-355349 

1 1 555900 

1 356612 

1 357245 

r*)57077i 

1*350511 

( 359144 

72 

1*355970 

1*36041) 

1*561047 

1*561602 

1 1-362)17 

1*36295) 

1 *363550 

1*564226! 

1*564664 

1*365501 

73 

1)66139 

1*566777 

1 367415 

1 3600541 

: l•)60653 

1 )69335 

1*369973 

1 )7061) 

1 371254 

1 371894 

74 

1*372536 

1*575179: 

1*573020, 

1*374465> 

1*375105 

1*375749 

1)76)92 

1 377056 

1*377660 

1 )70326 

75 

M7097I 

1 )75617 

1 )00262: 

1 

1*5009091 

1 501555; 

1*392203 

1-302951 

1*503499 

1 394140 

1*304796 

76 

1*565446 

1-506096 

1*506745 

1*187596 

1*300045 

1*500696 

1 309)47 

1*599999 

1'390651 

1 391303 

77 

1*351956 

1*392610 1 

1 593265 

1 1-351917 

1*)5457l 

1*395226 

1-395001 

1*396)36 

1 397192 

1*597040 

70 

1*390505 

1*399162 

1*399015 

' 1*400477 

1*4011)4 

1*401793 

1*402452 

1*403111 

1-403771 

1*404430 

79 

1*405091 

1*405752 

1*406412 

; 1*407074 

1*407735 

1409351 

1*409061 

1*40572) 

1*410)07 

1*411051 

00 

1 

1 4JI7I5 

1*412310 

141)044 

1*41)709 

1-414574 

1*415040 

1*415706 

1-416373 

1 

1-417059 

1*417707 

01 

1-41P74 

1-419043 

1-425711 

1*420500 

1421049 

1-421715 

1 422350 

1 

1*423059' 

1*423730 

1*424400 

02 

1*425072 

1*425744] 

1-426416 

1*427005 

1*427761 

1*420435 

r-425105 

1*4257021 

1*430457 

1*4)115r 

03 

1*431007 

1*4)2405 

1*435150 

1*45)0)5 

1*454511 

1*435110 

1*435966 

1-44266* 

1 456543 

1*437222 

1*4)7900 

04 

1*4)0579 

1 439255 

1*4359)0 

1-440619 

1*441295 

1 441500 

1 44)M2 

1*444024 

1*444705 

05 

1*445500 

1*444071 

1 446754 

1*447438 

1 440121 

1 440106 

1*449491 

1 450175 

1*450660 

1*451545 

4 

06 

1*452252 

1*452919 

1 453605 

1*454292 

1*454900 

1*455660 

1-456H7 

l*4$71>45 

1*457755 

1*456424 

07 

1*455114 

1*455005 

1*460455 

1-461196 

1-461077 

*1*462560 

1*463260 

t'465953 

1-464645 

1*465)50 

00 

1*464032 

1*466726 

1*467420 

1-460115 

1-460810 

1465504 

1*470200 

1*470096 

. 1-471592 

. 1*472209 

09 

1*472506 

1*47)604 

1*474301 

1-475000 

1475775 

1*476477 

1-477176 

1*477076 

I 1-470575 

1-479275 

50 

1*479974 

1*40O0n 

1*401379 

1*402000 

1-402702 

1*40)404 

1*494107 

1*404990 

. I '46$59) 

1 

: 1*496297 

91 

1*467002 

1*407707 

1*400411 

1499117 

1*409925 

1*490520 

f-4512)4 

1-491541 

' 1*492647 

1-49)555 

92 

1-494063 

1*494771 

1*495479 

1*456100 

1-496097 

1 497606 

1-490316 

1*459026 

1*499756 

1-500447 

93 

1-501150 

1*501070 

1*502502 

1*503293 

1*504006 

1-504719 

l*S05492 

V506I46 

1-506059 

1-507574 

94 

1-500295 

1*50)004 

<509730 

1*510435 

1-511151 

1-511960 

1*512505 

1-515302 

1-514019 

1-514737 

95 

1*515455 

I-SI6I74 

1-516093 

1-517612 

1*510)32 

t-519051 

1*519071 

1*520492 

1-521212 

1*5219)4 

H 

1*522454 

1-52)370 

1*524100 

1-52402) 

1*525546 

1*526265 

1*52699) 

1*527717 

1*520441 

1*529166 

97 

1-529191 

1-5)0616 

1-531542 

1 552060 

1-5)2794 

1-5)5521 

1*534249 

1*534576 

1-535704 

1*536432 

90 

i»*5l7l61 

1-5)7909 

l-SWII 

1-539)47 

1-540076 

1-540006 

1*541536 

I-542H7 

1*542990 

1*5437)0 

99 

1*544462 

1-545154 

1-545926 

1-546655 

1*547292 

1-540127 

1*541861 

1-549595 

1-550329 

1-551064 

100 

1-551100 
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THE CONSTITUENTS OF THE SUGAR CANE 
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0 6 10 I 16 


B 


Decrees Brix. 


26 30 36 



46 ;60 l 65 60 


Subtract from the Readings. 



28 

d 2 to *37 
•21 
160-18 
12^-13 
• 08^-09 
'04|0*06 


•64lo-72^-79|o 


r 
? 
r 

r 

r 

IBf 


i 
i 
i 

•iT 
!ei 


47 l 0 - 61 ^* 66,0 
280 - 300-31 


jRli 

HcSiei 


I 

1 

lEl>iT 


16 |l- 241-30 

• 9 lb 971-01 


• 64 ! 0 - 670-69 
- 33 | 0 ’ 36 { 0-36 
• 27 ! 0 - 28 | 0-20 

- 2 M- 2 llo -22 

•isbiiloi 


• 33 ; 0 * 
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Add to the Readings. 
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' 300 31 
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• 

CoMroeinoir, Pn Csirr. 

SocaosB, 

PSX 

100 Pasts of Watbs. 

SucaMS. 

1 IkVBKT SOtfAK. 

1 Watbs. 


.TsHFsiUTuav 30* C. 


66 68 

1 1*70 

31*04 

214*85 

65*43 

3*22 

30 90 

211*75 

61*57 

802 

30*07 

204*75 

55*73 

15*71 

i 27*92 

199 00 

47*40 

26*92 

1 25*84 

183*45 

45*25 

30*39 

1 24*88 

181*85 

dU*88 

36*90 

23*39 

170*50 

36*44 

41*99 

22*24 

163*85 

20*21 

51*45 1 

19*38 

16lf*70 

24*92 

50*62 

! 18*22 

136*80 

20*22 

63*87 

15*91 

127*10 


1 

1 TlWPB«ATVIIft 50* C. 


02*21 

13*39 I 

24*54 

4 

253*46 

67*60 

1 18*26 

23*85 


48*35 1 

30*45 

21*05 

229*70 


37*90 

19*05 

228 15 


45 58 1 

17*25 

215*40 

32*65 

61*16 1 

i 

16 20 

201*55 


Solttbillt^ of SoeroM In Aloobol« ole.^Sucrose is very sparingly solubk in 
absolute alcohol, viz., only one part sucrose dissolves in 80 parts of absolute 
alcohol at the boiling point; but dilute alcohol dissolves it much more readily. 
*and this in proportion as the alcohol is more dilute and the temperature higher, 
as is shown in the following table compiled by Pellet.* The first column rep¬ 
resents the c.c. of absolute alcohol present in 100 c.c.^ the solution, and the 
other columns the grms. of sucrose dissolved in 100 c.c. of the mixture at 
temperatures up to 40* C. 

In each case less sucrose Is dissolved in a mixture of alcohol and water than 
could be dissolved at the same temperature in the amount of water present in 
the mixture, if it had not been mixed with alcohol. 

Sucrose also dissolves in dilute methyl alc^ol, in hot glacial acetic 
acid, but not in chloroform, ether and solvents; and it is practically 

insoluble in anhydrous glycerine. 


AMoe.CUD. S«er. «t oat..'' IS. 431 
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THE CONSHTUENTS OF THE SUGAR CANE 


c.c. 

Amolotb 

Alcohol. 


CtMS. Sucaost Iff 100 c.c. At 

• 

0" 

j 10* 

SO^ 

SO* 

40* 

0 

86-5 

87-3 

68*3 

91*8 

94*2 

10 

60-7 

32*6 

86*0 

87*0 

90*0 


74*2 

76*6 

79-0 

82*0 

84*0 

30 

66*6 

68*0 

* 71*0 

74*0 

77*6 

40 

66*7 

69*0 

62*0 

66*5 

69*0 

50 

46*0 1 

48*5 

62*0 

66*8 

60*0 

60 

32*9 

35*6 

39*0 

42*6 

47*!5 

70 

18*2 

20*0 . 

22*6 

26*0 

31*0 

80 

6*4 

7*2 1 

8*1 

10*1 

1 14*0 

90 

0*7 

0*8 1 

1*1 ! 

16 

2*3 

974 

- i-f - 

0*06 

0*16 1 

0*26 1 

t 

0*36 

! 0*60 

1 

1 


Aetlon of Bleetrlc Current on Suerote Solntloni.—In aqueous solutions, 
sucrose is a non-conductor of electricity, but after a prolonged action of the 
current a slight conductivity is apparent. This, however, is not due to the 
sucrose itself but either to impurities in the water used for solution or from 
decomposition products of the sucrose, as the electric current, provided it 
is of sufficient power, will attack sucrose, inverting it with formation of acids. 

Rotatory Power.—Aqueous sucrose solutions deflect the plane of the 
polarized light ray to the right with a specific rotatory power which is only 
insignificantly influenced by the concentration of the ^ution. Bates and 
Jackson* found the specific rotation of sucrose, at a concentration of 26 gnns. 
per 100 c.c. and a temperature of 20^ C. to be g » 66*629*, while Kraisy an(^ 
Traeglt found it to be 66*616*. Accevding to Landolt, the specific rotatory 
p>ower of sucrose is, fqr concentrations coming into consideration in sugar* 
bouse work {which never exceed 26 per cent}), expressed in arc degrees 

20 

o » 66*435 + 0*<K1870c^O<N)02S5c» 

D 

in which lormula c stands for concentration. 


SdMtMo Hpea oi tb» W Sf Sirk* MS 
t aftbowksM.* SS4. 


t2^ 
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InflBtiee of Conoeotratloa on Rotatory Power.—By this formula, the 
figures for the rotation of sucrose for the different concentrations are as follows: 


c. 

ReUtioQ. 

c. 

Rotatioe. 

e. 

RotetioD 

1 

.. 66-443 

25 

.. 66-506 

50 

.. 66-283 

5 

.. 66-473 

$0 

.. 66-485 

55 

.. 66*203 

10 

.. 66-499 

35 

.. 06-452 

00 

.. 66 -111 

15 

.. 66-513 

40 

.. ti6-407 


.. 66-007 

20 

.. 66-515 

45 

.. 66-351 




At low concentrations the rotatory power increases considerably and amounts, 
according to Nasini and Vilhvechia, to:— 

c 1*2568 1-2378 1-2083 1-0128 0-8255 0-6631 0*5085 0-5880 0-3350 

20 

66*604 66-716 66-855 67 096 67-250 67-370 67-662 67 083 68*241 

At higher concentrations, the difiercnccs in the rotatory power are so small 
that within the limits of concentration met with in all sugar*l)ouse polarisation 
work they do not affect the results, whilst at lower concentrations, where 
they are more considerable, the figure which they infiuence is itself so small, 
that even there the difference is insignificant. In the well-known Schmitt 
tables for the calculation of the sucrose content fro m the polarimeter readings, 
the infiuence of the concentration is taken into consideration. 

Influence of Temperatum. —The rotatory power of sucrose (linunislu^ as 
the temperature rises to an extent, which for the simple rotatory power itself— 
quite apart from changes in the instrument brought about by differences 
<k the temperature—can according to Scbdnrock's calculation be expressed 
by the formula 

0-000217 (I® - 20). 

D D D 

In practical working this figure is also influenced by the alterations in the 
rotatory power of the quarU wedges of the polarimeter. by the expansion of the 
polarization tubes, etc., which cause the correction for the Ventzke scale with 
glass polarimeter tubes to become 

readings at ^ readings at 2f>*^ [l--^-0003 20) ] 

which means that for every d^ee Ventzke the rotation is found to be 0-0003^ V. 
too low for every degree Centigrade above 20*^ C. (the temperature at which the 
polarimeter is standardized), and the same amount too high for every degree 
Centigrade below that temperature of 20^ C. 



14 


THE CONSTITUENTS OF THE SUGAR CANE 


Inflafne^ of Forolgo Bodlot«—When sucrose is dissolved in water £onUiniiig 
alcohol, its rotatory power is slightly higher than when pnre water is used; 
thus, for a concentration of 10 per cent, of sucrose in a mixture of 1 part of 
water and 3 parts of alcohol it becomes at 20** C. 66*827 instead of 66*490. 
Alkalis, alkali carbonates and alkaline earths reduce the specific rotation of 
sucrose, probably owing to the formation of sacobarates, as neutralisation 
with acid restores the original rotation. 

Tile reduction of the rotatory power by alkaline substances is much more 
considerable in concentrated than in dilute solutions, and amounts, according 
to Pellet, for the alkalis, their carbonates, and the alkaline earths, to the 
following values 

At concentrations r ss 6*4 and c ^ 17*3, 1 grm. of the undermentioned 
substances marks the rotation of the slated quantities of sucrose in grammes. 




««S*4 

17*3 

1 

grm. of cau-stic potash 

0*170 

0*500 

1 

„ „ soda 

0*140 

0-450 

1 

potassium carbonate 

0*044 

0*065 

1 

„ sodium carbonate .. 

0*040 

0*132 

1 

Amnionic «• 

0*073 

0*085 

1 

„ ammonium carbonate 

.. 0-040 

0*067 

1 

,, lime .. 

• . 0-700 

1-000 

1 

,, baryta 

.. 0 *190 

0*430 


Influenee of Basle Lead Aeotata.—Basic lead acetate, though also an 
alkaline substance, does not affect the rotation of sucrose to such an extent. 

Bates and Blake* stated the influence of basic lead acetate solution of 
1*25 siK'cific gravity on the rotation of a solution of 20*048 grms. sucrose in 
BK) c.c. to be in degrees Ventskc 


c.c. Haaic T.ea4l 


cx. Basic Lead 


Acetate SulatioD. 

Difieroacc. 

Acetate SolutiOD. 

Difierefi 

0*5 .. 

6*00 

10-0 

+0*19 

1*0 

0*13 

1241 ., 

+0*29 

1*5 

0-10 

15*0 .. 

+0*29 

2*0 

0-13 

18-0 

+0*46 

2*5 .. 

0^ 

20*0 .. 

+0*46 

3*0 

0*08 

.. .. 260 .. 

+0*58 

40 

0*06 • 

300 .. 

+0-62 

6*0 .. 

0*03 

. 360 .. 

+0*77 

6*0 .. 

0-00 , 

400 

+0*77 

7*0 .. 

+0*06 

.. . . 630 

+0*96 

6*0 .. 

+0*09 





Anr. ChetD. Soe.,** 1«7, m. 
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The addition of small quantities of basic acetate solntion therefore causes a 
progressive reduction in the polaruncter reading; with larger quantities of the 
reagent the reduction becomes less; the solution to which 6 c.c. of basic lead 
solution has been added gives the same poUrimeter reading as one without lead, 
while still larger quantities cauM a progressive increase of the rotation so long 
as reducing sugars arc absents As in sugar-house woric the excess of basic 
lead never goes beyond a few drops, we may, in ordinary practice, safely 
neglect the influence of this reagent on the polariscopic reading. 

Neutral Salts.—Alkali chlorides, sulphates, and phosphates, as well as the 
chlorides of the alkaline earths, reduce the rotation of sucrose solutions, as 
is shown by the following table of Bodenbender and Steffens.* 



Sucrose. 

Selt. 

1 1 

1 Wster. 

Polancatioo. 

Diflereoce. 

r 

6 

1 

94 

4-987 

0-013 

Potassium chloride .. - 

10 

2 

88 

9-856 

0-144 

[ 


4 . 

76 

19 860 

0-131 


5 

1 

94 

4-969 

0-131 

Sodium chloride 

10 

2 

88 

9-853 

0-147 

, 

20 

4 

76 1 

19-586 

0-414 

[ 

5 

1 

94 ! 

4-952 

0-048 

Barium chloride .. \ 

10 

2 : 

88 

9*944 

0-056 

[ 


1 4 1 

76 

19-402 

0-598 

( 

5 

1 

94 

4-995 

0006 

Magnesium sulphate .. | 

10 

2 

88 

0-890 

0 100 

20 

4 

76 

19-880 

0-120 

Sodium phosphate .. | 

6 

1 

94 

4 958 

■SB 

10 

2 

88 

9-933 

■SB 

1 

20 

4 

76 

19-089 

0-311 


In the presence of small amounts of inorganic salts such as are met with in 
ordinary sugar-house routine work, the influence of the salt is imperceptible. 
With proportions of 4 parts of the inorganic salt to 20 parte of sucrose the 
product itself is so impure that the absolutely certain detemunation of the 
sucrose by polarization is rendered impossible by the large volume of the 
pred|ntate occasioned by the claiiflcatiou and alsd by the dark coloration of the 
liquid. Besides, cl^iflcation with basic lead acetate converts all the salts into 
acetates, the action of which is less than that ot the original salts, so that in 
practical working the effect of these ino^anic salts on the rotatory power of 
sucrose may safely be neglected. 


•-Zdudit. RQboamlikdc^*' SI. SOS. 
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THE CONSTITUENTS OF THE SUGAR CANE 


RefTMUra Indai of Soeroia SohitlOBi.—0. Sch5Drock* has detevnined the 
refractive index for sucrose solutions in water for concentrations between 
0 and 66 per cent., and at temperatures between 10* and 35* C. 

Table 1 below gives the results of measurements of N at a water content 
of the solution IF ; that is to say, for the number of grms. of water in 100 gms. 
of the suaose solution. 

Table II shows the difierencc in the refractive index N in units to the 
fifth decimal between 20* C. and the temperature i for the diEcrent water 
contents iV. It is to be observed that the value for JV falb as that of t rises. 


w 

N« 

100 

1 >3330 

90 

1*3344 

96 

1*3359 

97 

1 *3374 

96 

1*3368 

95 

1*3403 

94 

1*3418 

93 

1-34S3 

92 

T3448 

91 

1*3464 

90 

1*3479 

89 

1-3494 

88 

1*3510 

87 

1*3526 

86 

1*3541 

86 

1-3557 

84 

1*3573 

83 

1*3590 

82 

1 3606 

81 

1-3622 

80 

1-3639 

79 

1*3655 


TABLE I 

W 


78 

1*3672 

77 

1-3689 

76 

1-3706 

75 

1*3723 

74 

1-3740 

73 

1*3758 

72 

1-3775 

71 

1*3793 

70 

1*3811 

69 

1*3829 

66 

1-3847 

67 

1*3865 

66 

1-3883 

65 

1*3902 

64 

1-3920 

63 

1*3939 

62 

1*3958 

61 

1*3978 

60 

1*3997 

59 

1*4016 

58 

1*4036 

57 

1*4056 


W 

N*® 

56 

1-4076 

55 

1-4096 

54 

1-4117 

53 

1*4137 

52 

1-4158 

51 

1-4179 

60 

1*4200 

49 

1*4221 

48 

1*4242 

47 

1-4264 

46 

1*4285 

45 

1-4307 

44 

1*4329 

'43 

1-4351 

42 

1*4373 

41 

1*4396 

40 

1-441$ 

39 

14441 

38 

1*4464 

3? 

14486 

36 

1-4509 

35 

1*4532 

34 

1*4555 


•"ZHUeiir. RabMMckMtBd.** 1911, 43}. 
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TABLE II 


W*TKm COMTWT EOOAU 


t 

100 

05 

D 

OS 

n 

75 

70 

1 

65 ; 

60 

55 

1 

50 

45 

L*- 

( 

1 » 

» 

• * 

10 

72 

Cl 

oo 

97 

IPS 

114 

122 

131 1 

1 '39 

147 

156 

164 

I»2 

! 100 

109 

12 

60 

67 

73 , 

00 

06 

91 

100 

1 106 1 

1 111 

119 

126 

132 

130 

145 

151 

14 

47 

52 

57 

62 

66 

7) 

76 

1 

1 06 

90 . 

95 

100 

104 

109 

114 

16 

32 

H 

» 

42 

45 

41 

31 i 

55 ' 

51 

41 1 

64 

67 

70 

73 

76 

IS 

17 

10 

20 

22 

23 

25 

1 » : 

^ i 

29 

31 1 

32 

34 

15 

V 

30 

20 

0 

0 


0 

0 

0 

0 i 

0 1 

0 

0 I 

0 

0 

■9 

0 

1 0 

22 

II 

» 1 

1 21 

23 1 

24 . 

26 

27 1 

20 i 

30 

31 1 

33 

14 

Is 

37 

il 

24 

30 

61 : 

43 

46 ' 

49 

1 52 

55 : 

58 1 

60 


66 

69 

19 

74 ; 

7? 

mi 

30 

! 63 , 

67 

71 ; 

75 

' 00 

04 1 

00 : 

92 

96 ' 

i 100 

104 

lES 

112 

116 

H 

00 

' 06 1 

92 

07 

1 

102 

1 100 

113 1 

119 1 

124 , 

129 1 

134 

140 : 

la 

150 

155 

)0 

104 

111 

111 

124 

131 

137 

1 '64 1 

150 ' 

163 i 

163 1 

: 169 

176 i 

112 

104 

' 195 

32 

m 

137 

144 

1 

160 

167 

1 ' 

102 : 

190 

197 ; 

205 

212 ! 

220 

227 

2J5 

34 

IS3 

164 

172 

III 

190 

190 

207 

i 


212 1 

1 241 

249 * 

250 

266 

275 

36 i 

1 

102 

192 ! 

' 1 

m 

l2M ' 

1 

221 

230 

240 

1 

|249 

1 

|259 

260 

1 270 
i_ 

207 i 

296 

306 

315 


Entirely independent of one another, Tolman and Smith* in the United 
States, and Prinsen Georligs and van Westf in Java, had made tables of com¬ 
parison between.refractive index and sucrose content. The former was estab¬ 
lished at 20^ C, the latter at 28* C. Taking into consideration the cotrection 
for the temperature, these tables both fully agree with those of SchOnrock. 

Vlieoslty*—The viscosity of sucrose solutions increases as the concentration 
rises and decreases as the temperature rises. This is shown by the following 
three tables, compiled by C]aassen|. In these the number of seconds which 


1 

SvemosB on 100 Water. 

RAtE OF Plow. 

Time w Seconds. 

Viscosity. 

Saturated Solution ^100. 

100 

22 

13 

180 

47 

29 

18$ 

88 

54 

219 

164 

100 

224 

1 187 

114 

230 

217 

i 132 

236 

248 

, 151 

242 

280 

' 171 

248 

318 

194 

256 

378 

227 

270 

1 

464 

283 

1 


•"A Awr. Omv. Soc.r ISM. 1400. 1* l«1. Si«tf ISOt. 00. 

• t “ 2M9tkr. aoteuetetted.^ 40. »$• 
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THE COSSTnVEmS OF THE SUGAR CANE 


100 C.C. of a sucrose solntioD of different amceotrations require to Sow out 
from an Engler viscosimeter is recorded as rate of flow. V (viscosity] means 
the ratio of these figures calculated on KOO. being the rate of flow of the satur¬ 
ated sucrose solution at the temperature of 30^ C. of 219 parts of sucrose on 
100 parts of water. 

The second table ^ows the rate of flow of a sucrose solution saturated 
at 30 C. when examined at diflereot temperatures. 


TBUPBftATVaS 

•c. 

1 

Rat% o? Flow. 
TiMB in Sbcovds. 

Tbufbbatubb. 

•c. 

Ratb of Plow. 
TiuB IN Sbcokds. 

16 

476 

42 

86 

21 

I 330 ! 

61 

54 

25 

246 

61 

39 

30 

163 

71 

30 

37 

1 114 


~ 


The third table gives the rate of flow of sucrose solutions of increasing 
concentrations at increasing temperatures, and shows that the decrease in 
viscosity by the rise in temperature is much more con^derable than its increase 
by the higher concentration. 


SVCROSB FIR too 
OP Watbr. 

Pbb Cbnt. 
Watbr. 

Pbb Cbnt. 
Socbobb. 

Txupbbaturb 

IN •€. 

Ratb op Ftow 

IN Sbcohm. 

— ^ 

201 

33-3 

66-7 

17 

180 

200 

32*7 

67-3 

22 

161 

229 

^•4 

69*6 ! 

35 

110 

273 

26-8 

73 2 i 

65 

63 

294 

25-4 

74*6 

63 

55 

323 

23-6 

764 

71 

1 

51 


The values for the viscodty o! impure sucrose solutions, e.g., molasses, which 
generally contain as roudi foreign substance as sucrose, difier much from those 
given above, a point that wfll be dealt with later <» in the chapter on molasses. 

Behaviour of SueroM at Hlfb Timperatiife«*^Perfectly dry sucrose may be 
heated for a long time at temperatures exceeding 100* C., and even melted 
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atl0O^C*.,*witbout imdergi^ig any decomposition, but in presence of even traces 
of water it is decomposed at teznperatores above 100^ C.; this is shown by 
the dark colour it assumes, and the p ro pe rty it acquires of reducing Fcbling's 
solution* 

Sucrose, when heated for some time at its melting pc^t, changes without 
any loss of weight into a mixture of glucose and fructosan (levulosan). Thus 

■* C4H11O1 + 

On heating sucrose at a still higher temperature it loses water, and leaves 
behind a dark-coloured body called caramel; if the temperature is further 
raised this is decomposed into gaseous products such as carbon dioxide, carbon 
monoxide, formic add. acetone, etc., and a glossy coke which, on combustion in 
contact with air, bums entirely away and leaves no residue, provided the sugar 
used in the experiment was pure. 

Calorlflo Value.—On combustion In a bomb calorimeter, sucrose gives a 
calorific value of 3956*2 kg/kg calorics or 7119 4 B.T.U. 

Decomposition of Buerose Solutions on Boaizig.^^n continuously heating 
sucrose solutions at their boiling point for a long time, the sucrose combines 
with water even at the ordinary atmospheric pressure, and gradually changes 
into a mixture of equal parts of glucose and fructose. 

The material composing the vessel in which the solution is boiled exerts 
a considerable influence on the rapidity of the transformation; cupper has 
the greatest accelerating action in this respect, then silver, next platinum, 
whilst with glass vesseb the rate of hydrolysis is least of all. espedally when 
a water-bath, and not a naked flame, is used as the source of heat. In such 
determinations inconvenience is caused by the formation of smaU quantities 
^ add. so that the values thereby found do not represent the amount of 
hydrolysis due to water alone. In order to remove this source of error. Herzfeldt. 
in his researches on the decomporition of sucrose at high temperatures with 
prolonged action, rendered bis solutions slightly alkaline at the commence¬ 
ment the experiment. The results be obtained on beating sucrose solutions 
having an alkalinity of 0 * 01 - 0*06 per cent, are summarized in the 

following table. The solutions contained in metal vessels were heated in a 
water or oil bath at the temperature given in the first column of the table. The 
figures in the first table refer to the quantity of sudtose decomposed per hour per 
100 parts of solution, and those in the second give the amount of sucrose 
decomposed daring the same period of time per 100 parts of sucrose originally 
present. 

•Bm rCtan.Nm." 1*14. 1161 th* potot ol tuntw 

t “ 4). 745 


(ob« 1*5* C 
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THE CONSTITUENTS OF THE SUGAR CANE 


ft 


•c. 

10 Paa CSMT. 

SO PBft CltfT. 


80 

1 0-0044 

0-0047 

1 0-0100 

90 

1 0-0079 

0-0087 

1 0-0196 

100 1 

0-0114 

o-om 

1 0-0292 

no 

0-0163 

0-0167 

' 0-0368 

120 

130 

140 

0-02S2 

0-2055 

0-5100 

1 

0-0677 

0-2600 

0-1399 

0 5900 


•C 

10 

licr cent. 

15 

per cent 

1 20 

1 per cent 

25 

per cent. 

30 

per ccot. 

i 

35 

percent 

40 

percent. 

46 

per cent 

50 

per cent 

80 

0-0444 

00373 

1 0-0301 

0-0229 

V - 

00157 

00168 

1 00179 

00190 

00200 


0-0790 

0 -0667 ; 

0-0541 

00418 

0-0290 

00317 

0-0344 

0-0371 

0-0392 

100 

0-1140 

0-0961 

00781 

00602 

0 0423 

00466 

00506 

00551 

00564 

no 

0-1630 

0-1362 

0-1093 

0-0825 

0-0557 

00612 

0-0667 

00721 

ft0766 

120 

0-2823 ; 

0 -2582 ' 

0-2341 

0-2098 

0-1867 

0-2063 

0-2609 

0-2474 

0-2676 

130 

1 

2-0553 

1-76621 

1-4610 

1-1638 

0-8667 

0-9451 

10235 

1-0119 

M800 


5-1000 

1 


i 

1 

1 

i 






Under a high pressure, coincideat with a higher boiling point, this reactHM 
tukcR place more rapidly, so that a solution is completely inverted after six 
hours' heating at 150^ C., which il otherwise boiled at 100^ C. would be totally 
transformed at the end of 24 hours. * 


Sucrose solutions, when boiled with live steam at 130^ C., become very 
rapidly decomposed, and in the case of higher concentrations than those re¬ 
corded in Henfeld's tables, the loss by this means is undoubtedly considerable. 


As a result of this decompositioji, besides glucose and fructose, carlxm 
dioxide, formic add. acetic add. and many other ftiore complex organic adds 
are formed. The temperatiue at which the decomposition reaches a maximum 
lies between 110^ and 120^ C.. so that these temperatures ought to he avoided 
as much as possible in the course of manufacture. 


The action of superheated steam also breaks up sucrose; at 160^ C., a 
temperature which can occur in boilers, humic add, carbonic add. and formic 
add are formed. At 280^ sucrose is split up into carbonic add and carbon with 
the formation of various empyreumatic products. 
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DeeomfkrtUion by Ufht. —Berthelot and Gaudechon* shoved that sucrose 
solutions under the inducncc of ultraviolet light rays separate gas, and this in 
proportion to the amount of invert sugar corresponding to their concentration. 
Light inverts sucrose solutions and forms gas frcnn the invert sugar, via., 
carbon monoxide from fructose, and carbon monoxide and hydrogen from 
glucose. 

DeeomposJtlon of Soorose by Adds«— Dilute acids exert a hydrolysing 
power on sucrose, slowly at the ordinary temperature but quickly on heating. 
Thereby one molecule of sucrose combines with <me molecule of water to form 
one molecule of fructose and one molecule of glucose. Thus :•» 

CuH„Oh + HP « C,H„0, + C,HuO, 

Inversion.— The sugar thus transformed now deflocts the plane of polar* 
ization to the left instead of to the right, hence the ncwly*formed body bears 
the name of invert sugar, and the phenomenon itself that of inversion. During 
this transformation, 96 parts of sucrose combine with 5 parts of water to foim 
100 parts of invert sugar. 

Inversion Veloelty. —The velocity of the inversion depends on different laws, 
which have been formulated by Ostwald as follows 

1. On inversion by a strong add. sulphuric or hydrochloric acid for 
instance, in every unit of time a constant part of the sucrose present is in¬ 
verted ; the value of the constant depends only on the acid used. Each acid 
has, therefore, its inversion constant, which is expressed by the formula 

X log ^ .in which A represents the quantity of sucrose initiaUy 

i A^x 

^iresent, and x that of sucrose inverted, so tliat this constant is inversely 
proportional to the time in which tlie inversion is completed. 

2. The velocity of inversion by equal quantities *of the add acting on 
different quantities of sucrose in the same volume is always the same. At the 
same concentration of the add the constant is not influenced by the quantity 
of sucrose, so that even the jiost concentrated sucrose solutions can be inverted 
by minimum quantities of add* 

d. The acti(Hk of the add is in direct proportionHo its concentration, though 
the inversion velodty of strong mineral adds increases more rapidly with 
progres^yt inversion than that of feeble ^es. 

4 The diversion velodty increases rapidly with the temperature. 



noA» Sb TAcadM On Sdne*." I9ia Mt 
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THE CONSTITUENTS OF THE SUGAR CANE 


Inv$f$ion ConsUnts o/soms AsUt—OstwaJd detennined tbein\^r^oD axi* 
stants of a number of adds by mixing 10 cc. of a 40^ per cent sucrose 
solution at 26^ C. with 10 c.c. of a normal sdotion of the add, and ascertaining 
after a certain time the amount of invert sugar formed. 

These constants, and the same values calculated on hydrochloric add as a 
starting point with the figure 100. are shown in the table underneath. 



Coo»taAt. 

Ka*-ioo| 


Ccaitxnt. 

}ia -100 

Hydrobromic add 

24-38 

Ul-4 

Tartaric add 

0-674 

3-08 

Hydrochloric add 

21-87 

lOO-O 

Citric add 

0-377 ' 

1 

1-72 

Nitric add 

21-87 

lOO-O 

Formic acid 

0-335 

1-53 

Sulphuric add 


53-6 

. Mabc add 

ft 

0-278 

1 27 

Sulphurous add .. 


30-4 

1 Lactic add 

0-233 

1-07 

Oxalic add 


18-67 

Sucdolc acid 

0-H9 

0545 

Phosphoric add .. 


6-21 

Acetic add 

0-086 

0-400 


It is true that these comparative figures are not of great practical value as 
they are based on the temperature of 20^ C. and the inversion velocity of the 
acids rises very irregularly and unequally at higher temperatures. Thus it 
increases for sulphuric and sulphurous add very rapidly between 30^ and 40^, 
for oxalic add at 40^, for phosphoric add between 40^ and 60^, and for acetic 
add between 70^ and SO^ C. The inversion constant of some acids is at 40^ 
eight limes, and at 50* as much as forty^cight times as great as at 25* C. 

* 

Tlie inversion constant of weak adds is measurable only at temperatures at 
which inversion by strong adds is so rapid that accurate determinations cannet 
he made, and it is for this reason that the compilation of trustworthy tables of 
comparison for higher temperatures is impossible. Hence Ostwald’s table is of 
little value in the sugar-house, where but very slight amoxmts of weak adds are 
met with and high temperatures have to be considered. 

On tlie other hand we reap much more benefit from Not4 Deerr's deter* 
minations* of the inversion velodty, whidi were made at 97* C.' with con* 
centratioDS of 1 /lOOO norrml add. He poured 25 c.c. of a 20 per cent, sucrose 
solution into a 50c.c. flask, added 5c.c of 1 /lOOO norma] add, filled up to the 
mark with water and kept the mixture during 30 minutes in a boiling water 
bath, of which the temp^ture was about 97* to 98* C. After that, the solution 
was rafridly coded and polarised. 


a 


• ** iUtnUmt, Btpl. Sutte No. 35. 
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We giv^bdow the constvits found thereby and their relation to hydro 
chloric add, taken as a basis with the 6gure 100 


• i 

1 CoMSTAirr. 

1 

1 

1 HYDUOCHLOBfC ACID. 
-100 

Hydrochloric add 

1 

• ^ 1 

1 

181 i 

1 

100*0 

Nitric acid 

1 

4 4 

180 

99*0 

Sulphuric add .. 

4 4 

132 

7211 

Sulphurous add 


83 

48*6 

Oxalic add • • 

4 4 

77 

42*7 

Phosphoric add 


1 34 

18*7 

Acetic acid 

% 4 

1 

1 

' 12 

1 

6*4 

1 


Tlie presence of foreign bodies exerts a remarkable influence on the velocity 
of inver^on by acids^ there being an increase with neutral s«ilts. such as sodium 
chloride» magnesium chloride, etc., when these occur in higher concentrations 
than 0‘hN, but a decrease when the concentration is lower. Sulphates on 
the contrary produce a decrease in velocity, both when in low and also when 
they occur in high concentrations. Glucose increases the velocity. 


Inyarttng Poww of Satti.— Besides adds, many salts, especially those of 
inorganic adds, possess the power of inverting sucrose at the boiling 
point of its solutions, which power docs not increase In jmportlon to their 
concentration. This must be ascribed to the fact that these salts occur in the 


solution in a partially dissociated state and that the part of the add which is 
practically uncombined exerts its inverting power like a free add. Such arc, in 
f|ct, the salts of heavy metals as the sulphates of zinc. iron, and copper, which 
possess an add reaction in solution. 


When glucose, however, is present. saJb^ having a* neutral reaction also 
show this property, and espedaUy those which are very liable to dissodation, 
like ammonium salts or salts with feeble bases. Salts with a strong base, or 
salts of organic adds (which even when free are but feeble hydrolysts], accord* 
ingly possess also a very slight inverting power or none at all, or can even 
neutralize by their mere presence the action d the other salts. Caldum carbonate 
too win prevent this action, so that we may safely condude that the glucose 
acts here as a feeble add which has the effect of liberating extremdy small 
quantities of add from the salts. 


c 
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These seeming bi^ly intricate and embairassifig phenomena ceui, hosvever, 
very dearly be explained by the new theory oi the dissociation of water into 
hydrogen and hydroxyl ions.* 

According to that theory it is supposed that in pure water at 25^ C. one 
ten-millionth grammolcculc ol free hydrogen ions is present. This for 
convenience* sake is written as 1X KT^ or pHs7 (pH standing for hydrogen 
potential). 

If an acid is dissolved in water, the concentration of the hydrr^cn ions 
increases, and Uk' negative logarithm or the value of pH decreases; while, 
on the other hand, an addition of alkali to the water causes a decrease in the 
hydrogen ions and an increase in the value for pH. All values for pH or hydrogen 
potential over 7 point to an alkaline rcacti^; 7 is just neutral, and values 
under 7 indicate an add reaction. 

It has been proved that in aqurou.s solutions having a lower pH than 7, 
the free hydrogen ions exert an invertive action on sucrose, the rate of which 
is more rapid the higher the temperature and the stronger the concentration 
of the hydrogen ions. The determination of the hydrogen potential of an 
aqueous solution therefore furnishes at the same time a measure of its invertive 
power. Sucrose solutions possess a potential just under 7. while the values for 
solutions of glucose and fructose arc lower still. This c.xp]aios why a solution 
of pure sucrose in water becomes slightly inverted after a prolonged ebullition, 
and why this inversion proceeds more fa|ndly os soon as reducing sugars are 
also present in the solution. Free adds, add salts, as well as mixtures having 
a pH of under 7 therefore possess an invertive power, and as such is the case 
in many of thr instances enumerated above, it is now clear why a mixture of 
sodium chloride and glucose in aqueous so1uti(m is apt to invert sucrose, and 
also why the simultaneous presence of caldum carbonate can annihilate tha^ 
property, 

A list of tlie hydrogoii potentials of some adds is given here for comparison 
with the invcr*ive action determined in the empirical way by Ostwald and by 
Noel Deerr. and a good ccmcordance between them can be perceived, insomuch 
that the acids having the highest invertive power are at the same time 
the most strongly dissodated and shenv the highest concentration of hydrogen 
ions. Complete conformity could not be expected, rince the ccmcentratl<m 
of the hydre^en ioni is a Variable value at the different temperatures and 
concentrations met within the diAerent experiments. 

The concentrations oT the hydrogen ions and the hydrogen potential for 
a few adds at 20^ C. and in 0*1 molar solution are as follows 

•W. HMMd CM. ENrrohuM ol 
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Acm. 

COJtCBltrUAtlOM. 

VOtMMrtkU 

Hydrobromic add 


9*3 

X 

10-* 

1*03 

Hydrochloric add 

a ♦ 

9*3 

X 

i(r» 

1*03 

Nitric add 

4 » 

9*3 

X 

10» 

1*03 

Sulphuric add 

« # 

112 

X 

KT* 

0*95 

Sulphurous add 

4 ^ 

3*35 

X 

icr* 

1*47 

Ox^c add 

4 ♦ 

6-55 

X 

10“* 

M8 

Phosphoric add 

4 4 

3-04 

X 

10-* 

1*62 

Malonic add .. 

• 9 

3*31 

X 

itr* 

1*48 

Citric add 

• 4 

7-45 

X 

io-» 

2*13 

Formic acid .. 

1 

9 4 1 

4 4 

X 

io-» 

2*36 

Malic acid 

4 4 

61 

X 

!0-» 

2*22 

Lactic add .. 


3*8 

X 

10-» 

2*42 

Sucdnic acid .. 

• • 

2*55 

X 

icr® 

2*39 

Acetic add 

• • 

1*35 

X 

io-» 

2*87 


Sitictt, obviously, thu invertivc power of aqueous solutions finds its ex¬ 
pression in the fijicuro indicating the concentration of the hydrogen ions, it is 
clear that the determination of that factor, together with that of the total 
acidity, is of the greatest importance in the analysis of juices^ syrups and 
molasses in sugar-house laboratories. 

As organic acids occur largely in cane juice, and us therefore in neutralist'd 
juices and massecuites the amount of organic salts is large in proportion to 
the inorganic ones, and farther because the percentage of reducing sugars 
is, as far as first products go. very low when compared with that of the sucrose, 
there will be very little danger of inveruon by neutral salts in the practice 
%f cane sugar manufacture from the milling to the after-products stage. Put 
in the after-products and molasses, whidi generallyjxissess an arid reaction 
and in which the reducing sugars have l>ecomc con^ntraled. inversion at 
high temjieratures is often observed; this Ls doubtless largely due to the 
presence of free adds, but not altogether, for it is possible that the action 
of inorganic salts may also account for it in some degree. 

Aetlon of ConoentriM Adds.—Mineral adds of high concentration decom¬ 
pose sucrose. Gaseous hydrochloric add transforms it into a mixture of 
ulmic add and caramel: concentrated hydrochloric add chars it; whibt a 
sucrose solution v^en boiled with dilute hydrochlonc add yields a scries of 
decomposition products, which have been investigated by Bcrthelot and 
Andi^. The prindpal products of this reaction are formic add, levulinic add, 
and humic ftdd. along with small quantities of carbonic add, carbon monoxide, 
and furfural. Our own researches in this province will be dealt with in the 
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discus^on on glucose and fructose. Glucose forms chiefly kvulinic ndd» whilst 
humic add is the pxindpal decomposition product of fructose. 

Aetlon of Alkalis and AlkaU&e Kartbs.— Alkaline bodies, such as potasb» 
5oda» lime, etc., only attack sucrose solutions when they are heated with them 
in a concentrated state. On boiling a sucrose sdndon with a small percentage 
of potash or soda, it remains unchanged, but with higher concentrations of 
the alkali the sucrose becomes decomposed with the formation of fmnic add, 
lactic add, and humic bodies. Lime also attacks sucrose very slowly and one 
may even introduce small pieces of quicklime into a 10 per cent, sucrose solution 
and there allow them to slake without fear of decompoation occurring; but 
on boiling a sucrose solution with lime for a long time, the sugar is attacked, 
and yields acetic and lactic adds which of course remain in solution as lime 
salts. 

ftaitrharaitrfi—Moderately stnmg concentrations of solutions of alkalis 
and alkaline earths combine with sucrose and form soluble alkaline compounds 
called saccharates. which require just as much add for thdr neutraliaation 
as the quantity of base in the compound. 

Alkali Saoebantse.— The fonnula of such a saccharate b, for instance, 
C||H|iO|)R; after addition of carbonic add to the soludon of a saccharate 
it breaks up into sucrose and the aikalj carbonate, but in aqueous solutions, 
even when very dilute, it b stable and cannot be decomposed by dialyas. 

Calelum Saoehanta.— The alkaline earths form a sHiole series of saccharates, 
of which some are soluble and others insduble, and which, owing to their 
property of being readily decomposed by carbonic add, may render good 
service in the separation of sucrose from molasses or from impure solutions 
in general. « 

The monobasic caldum saccharate CnHi^OiiCaO b soluble in water, but 
by boiling its solution isb transformed into tribadc saccharate and sucrose. 

3C||H||0||Ca0 3 CaO 

The bbaccharatc b also soluble in water and its solutions are likewise tranv 
formed into tribasic saccharate and sucrose an bdling. 

On passing carbonic addjgas into a solution of caldum saccharate it b at 
flist entirely absorbed, but soon the mass becomes viscous and gelatinous 
and absorbs the carbonic add much less readily. Finally, when the gas has 
been completely absorbed the liquid becomes thin again, caldum carbonate 
b predpitated and sucrose b found in solution. The gelatinous character 
of the first^fonned compound of carbonic add and caldum saccharate, 
CiiHiiOiiSCaCOfSCa (OH)|. causes the difficult absorption of the carbonic 
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acid, whi^ penetrates in large bubbles through the viscous liquid and for 
the greater part passes out unabsorbed: but when later on the liquid becomes 
fluid again by the gradual decomposition of the compound referred to above, 
the rate of the carbonic add absorption is restored, and finally the saccharate 
becomes quantitatively split up into caldum carbonate and sucrose. 

Stronttam Saeehirate. —Strontium bisaccharate is formed by dissolving 
strontium hydrate in a boiling 16 per cent, sucrose solution ; the separation 
o! the saccharate sets in as soon as more than two moleruh^ of strontium hydrate 
are added to each molecule of sucrose present, and on the addition of further 
quantities of strontium hydrate almost all of the sucrose is predpitated as 
saccharate when about three molecules of strontium hydrate are present. The 
insolubility of strontium saccharate in alcohol is utilized in the separation of 
small amounts of sucrose from plant extracts. 

To this end the plants are extracted with hot 90 per cent, alcohol, and the 
extract b filtered. To the hot filtrate so much strontium hydrate solution is 
added, that for each part of sucrose more than three parts of the hydrate are ' 
present. The mixture is boiled for half an hour, filtered, and the predpitate 
washed with hot alcohol. The liquid is boiled again with strontium hydrate for 
half an hour, and filtered through a hot water funnel. The predpitates ate 
pressed as dry as possible, suspended in water, and decomposed by a current of 
carbonic add. Strontium carbonate is thrown down, whilst the filtered sucrose 
solution can be evaporated and allowed to crystallize. 

Barium Saaoharate«-^Barium saccharate crystallizes out in the shape of a 
solid cake by carefully mixing at an devated temperature a sucrose solution 
with a quantity of hot and saturated solution of barytes suffident to form the 
compound: C j |H ^0^ |BaO. 

# This body is fairly well insoluble in barytes solutions, and it is technically 
utilized in beet sugar factories to desacchaiify molasses. 

It is somewhat soluble in water, and is deemnpose^ into barium carbonate 
and sucrose by carbonic add. 

Ferrie laeeharate. —Feme saccharate is formed by allowing iron to dissolve 
slowly in sucrose solution in presence of oxygen. The ferric sacebarates of the 
Pharmacopceia are not true saccharates, since all of them contain alkali; 
a part of their iron content is. however, present in the form of saccharate. 
Ferric saccharate may be obtained by predpitating ferric chloride di&^olved in a 
sucrose solution with sodium hydrate, filtering the pred^ntate o0, washing it. 
and suspending it again in a sucrose solution which will gradually dissolve it. 
The ferric oxide in the saccharate compound is not liable to f)redpitation by 
ammonia or alkalis, nor to coloratioo by tannin, or potasrium ferrocyanide. or 
potassium lulf^ocyanide. In fact it no lox^ger shows the usual ferric reactions. 
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Ammonium sulphide, on the contrary, gives a oi irOh sulphide 

from such a solution, whilst adds decompose the compound and restore the 
property of the ferric oxide to give blue colorations with ferrocyanides and 
red ones with sulphocyanides. 

Lead Saeeharate*—On predpitatiem of a sucrose solution with an ammoniacal 
basic lead acetate solution, a predpitate of tribasic lead saccharate is obtained4 
This may also be prepared by stirring sucrose with water and plumbic oxide ; 
if the proportions arc well chosen, all the sucrose is deposited as an insoluble 
tribasic lead saccharate. On suspending this in water, through which a current 
of carbonic add is passed, the sucrose can again be liberated. 


lofluenes on SolohtUtj e! Saeebaritsi.—Owing to the formation of saccharate 
a great many substances which are sparingly soluble in water, or even not at 
all, dissolve easily in sucrose solutions, lime is lor that reason much more 
soluble in a sucrose solution than in water, and further the calduxn saccharate 
formed thereby possesses tbe property of dissolving other bodies which do not 
dissolve in water or in sucrose solutions; among these we may spedally mention 
caldum oxalate, phosphate, and carbonate, and oxides of the heavy metals; 
when the saccharate is broken up they of course become insoluble again. 
Sucrose prevents the predpitation of iron, lead, and copper hydroxides, etc., 
by soda, as those hydroxides immediately pass over into soluble saccharates. 


Apart from this formation of saccharates, sucrose solutions dissolve certain 
other bodies to a greater extent than water; especially towards lime salts of 
organic adds is this property exhibited in a marked degree, but towards those 
of sulphuric, sulphurous and carbonic adds to a much less extent. In the case 
oi the simultaneous presence of either alkali or add, however, thdr solubility 
greatly increases, as will be clearly shown in the chapter on ConcettiraiioH of 
the Juice. . 


Doable ComHnatioos wttb Safta.—Sucrose forms double compounds with 
the salts of alkali met^ ; those with sodium chloride, sodium iodide, as well 
as those with potassium chloride, potassium nitrate, and sodium nitrate, are 
obtained in a crystallized form. Their composition can be represented by the 
formula 

C|iH,^„Naa + 2 HgO 

and they can be prepared b)^owing a mixture of the sucrose solution with the 
salt to evaporate slowly at tbe ordinary temperature in a desiccator ovor 
sulphuric add. These compounds are dissociated in solntion, and can be 
separated into their constituents by dialysis. Besides the few crystallizable 
double compounds mentioned above, there stiU exist many others which as 
yet have not been induced to crystallise and are obtained as viscous syrupy 
fluids. These comUnations, principally those of the organic salts, are of very 
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great importance in sugar manufacture, and we therefore prefer to discuss them 
in greater detail in a Later chapter on Molasses. 

Deeompositton of Suerose hy Oildlslng Agents.— Powerful oxidising agents 
readily attack sucrose. Kitifc add oxidizes it with much evolution of gas 
into saccharic add, and further into tartaric acid, and oxalic add. 

Fehling's solution attacks sucrose only very slowly and after prolonged 
boiling, that ts to say, when it has already become somewhat inverted ; pure 
sucrose b however not attacked. Nor does ammoniacal silver nitrate solution 
oxidize sucrose solution at the ordinary temperature; on heating, however, 
silver is deposited as a consequence of the oxidation of the sucrose. Free 
oxygen does not attack sucrose; in the case, however, of the solution being 
add or containing invert sugar it absorbs oxygen with the formation of formic 
add. Tn presence of catalytic substances as spongy platinum, it is oxidized into 
carbonic add and water. Finely granulated boneblack washed with hot water 
and treated when still hot with a concentrated sucrose solution at C* 

oxidizes the sucrose in presence of atmospheric oxygen so rapidly that it 
becomes caramelized with the liberation of much steam, which reaction is so 
violent that it sometimes becomes explosive. Ozone, though not attacking 
neutral sucrose solutions, will oxidize add or alkaline ones. Hydrogen peroxide 
causes rapid inversion, especially in presence of iron salts, and after that 
oxidizes the ncwly^formed invert sugar. 

Decomposition of Sucrose by Ferments. —Sucrose is very liable to be broken 
up by all kinds of ferments. Almost every spcctcs of yeast contains a ferment 
(invertase) that transforms sucrose into invert sugar, which latter afterwards 
becomes changed by the influence of the fermentative enzymes of the yeast 
cells into alcohol, carbonic add, and certain by-products, thus causing the 
sucrose as such to totally disappear, 
e 

AleoboUo Fermentation, —Only a very few yeasts do not contain invertase 
and cannot transform sucrose either directly or indirectly. It has often been 
suggested to make use of these for removing by fermentation the glucose from 
symps or molasses in order to purify them, and thus improve the extraction 
of the still intact sucrose; but this has not yet been introduced in practice. 

Lacde and Butyric Add Pcrmentatlon,— The lactic add bacteria trans¬ 
form sucrose, especially in presence of time, into lactic add, by which process 
carbonic add and h 3 rdrogen are formed; this is often followed by the 
butyric add fermentation, forming the unpleasant smelling butyric add from 
the lactic add—a phenomenon sometimes met with in practice. 

Dextraa FermaatatloiL —Sometimes we find infection by another lower 
orgaidsm, iMconoshc mesenterioides, in cane sugar factories. This rapidly 
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forms a gelatinous body called dextran. as well as much lactic and ^tic acids. 
The dextran is part of the body of the Leuccncsioc itself, and is principally 
formed in an alkaline or neutral solution, so that the Let4conos(oc by its own 
decomposition products renders the conditions of its development even more 
troublesome. Heating to the boiling point as well as disinfection with a 1 per 
cent, ammonium fluoride solution kilU the Leuconoshc ; therefore such a 
fluid is an excellent remedy against this infection in sugar-houses. 

The chief constituent of the gelatinous mass is the dextran. 
which in a pure state appears as a neutral white mass. It does not dissolve in 
water but swells in it to a thick jelly, which is again precipitated by alcohol. It 
dissolves in dilute alkalis and then possesses a rotatory power of aDs+230^. 
It does not reduce Fehling's solution, and is precipitated from its pseudo¬ 
solution in water by basic lead acetate. Adds hydrolyse it under pressure 
first into unfermentable dextrin and afterwards quantitativdy into glucose. 

The Leuconosioc organism forms more dextran from sucrose than from either 
glucose or fructose; so that its action does not require a preliminary inversion 
of the sucrose. Since the add formed by the fungus during its action has a 
retarding influence on the latter, and a neutral reaction is much more favour¬ 
able to the formation of dextran, the fungus in encountered in sugar-house 
practice in such places where juices are kept constantly neutral or faintly 
alkaline by the addition of lime. 

Levan FarmantatloiL'-^reig Smith and Steel* describe an organism called 
by them BocHIms Uvaniformans» which they found in cane juice, in which it 
formed a gummy substance named by them levan. At the same time sucdnic 
and acetic adds were formed. The pure levan dissolves in a small proportion 
of water to form a mucilage resembling gum arabic, and on the addition of 
more water the solution becomes white and opalescent. A solution of 1 grm. 
of crude gum in lOQ c.c. of water when observed in a 100 mm. tube in a Laureng 
polarimeter with monochromatic sodium light gives a reading which is equiva¬ 
lent to a spcdfic rotation of about aZ) — —40^. On inversion according to the 
Qerget method, the levan gum is transfonned into fructose; after the hydro- 
l 3 ^is the spedhc rotation becomes —02*5^. After oxidation with nitric add 
of 1*24 specific gravity at 60^ C. only oxalic add is obtained, and neither 
mucic nor saccharic add is formed. On treatment with dilute adds in the cold 
or more quickly on warming, the gum is readily and completely hydrolysed, 
the sole product being fruetpse, which is produced in practically the theoretical 
quantity required by the formula: 

+ H,0 » CgHiA. 

W. L. Owen| found that other bacteria are able to form levan from 
sucrose, among which he enumerates BacUrium gummos$m, Badmim 
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vemi]w9^. Bacillus vulgalus and Bacillus liaJermos. He found that those 
bacteria produce the levan from the uninverted sucrose, and that the simul- 
taneous presence o! reducing sugars retards this formation. The optimum value 
lor pH for the formation of levan is between 6*7 and 7. or just within the acid 
range. 

Btb^l Aeetaia Fermentattom—The fungus Thielavi^sis <tihaceiicus. Wcnl, 
which causes the pineapple disease or black rot of the sugar cane, forms, besides 
alcohol, ethyl acetate from sucrose. 


DeteetlOD Ot Suerose.—When it is required to ascertain beyond doubt 
that a solution really contains sucrose, the isolation of this sugar can be effected 
by means of strontium hydrate by following the rules laid down on page 27. 
The crystals obtained can be identified by their crystalline form, and by the 
behaviour of their solution towards polarised light and Febling’s solution before 
and after hydrolysis by dilute adds. 


Colour Tests. —In the course of time a great many colour (ests for sucrose 
have been suggested, but they all have the disadvantage of not only detecting 
sucrose but also a number of other kinds of sugar, as they do not apply to 
the .sucrose itself but to its decomposition products, either furfural or humifi 
substances, which, according to the cemditions ctf the reaction, arise from 
the sugars. 

Among these may be mentioned the a«napbthol reactions. In alcoholic 
solution a*naphthol when mixed with a trace of sucrose and carefully poured 
into concentrated sulphuric add produces a pink-coloured ring where the two 
liquids meet. 

By mixing alcoholic o-naphthol solutions with a trace of sucrose and much 
teneentrated sulphuric add and heating the mixture on a water-bath, it very 
quickly assumes a reddish-pink coloration, which, however, likewise appears in 
the presence of fructose, sorbose, or raifinose. Under similar drcumstances 
^•naphthol yields a reddish-brown and resordnol a red coloration which, how¬ 
ever. is also common to the other already mentioned sugars. As yet there does 
not exist a characteristic colour reaction for sucrose, so that to actually con- 
ffrm its i^esence wc are restricted to the characteristic reactions of the substance 
after its isolation in a pure fonn. 



11 .—Glucose (Dextrose) 


O06ttrrtD6e«—Glucose, besides occurring along with fructose as a product 
of decomposition due to inversion in over^ripe canes, is a normal constituent 
of both ripe and unripe cane, and is therefore to be found in all cane juices to 
a greater or less extent. It is algn a very widely distributed constituent of 
plants in general, and is manufactured conunerdally in lai^e quantities by the 
action of mineral add on starch. 

Crystalline Form.— Anhydrous glucose, crystallized from its concentrated 
solution in water, appears in the form of haid columnar crystals, melting at 
146^ C., while the more common hydrate, HgO, occurs in opaque 

crystal crusts or in big transparent crystals with a melting point of about 
86^ C. It is impossible to state a fixed figure for its melting point, since at high 
temperatures the hydrate passes into the anhydride and the varying proportions 
of these two of course influence the temperature at which it melts. 

Solubility in Water and In other 8olvaots*^Glucose. readily dissolves in 
water; at 16^ C. 100 parts of water dissolve 81 *68 parts of the anhydrous 
compound or 97*85 parts of the hydrate. Glucose is also soluble in alcohol, and 
the more so in proportion as it is hotter and more dilute. It is very soluble 
in methyl alcohol, but not in ether nor in acetone. 

Bpeelflo Gravity of Solutions in Water,— According to Salomon* the specific 
gravity of glucose solutions in water for the diflerent concentrations is at a 
temperature of 17*5^ C. (where water is 17*5^ C » 1), as in Table opposite. 

Rotatory Power««The real value for the spedfic gravity is not obtained 
at once when the anhydrous glucose is dissolved in water, but one which is 
a little lower; it increases only after some time, probably owing to the slow 
transformation into the hydrate. Solutions of the hydrate, however, whet 
freshly made show immediately the same specific gravity as that given by 
solutions which have $)ood for some tunc. Like sucrose, glucose deflects the 
plane of polarization to the right, though to a lesser degree. At high con* 
cent rat ions the specific rotatory power is somewhat greater than at low ones, 
but nt the concentration in use in sugar-house practice it is fairly constant 
and may be stated ss a D = + 52*85 for the anhydrous glucose in a con- 
cenlration of 14 grms. in 100 c.c. 

Influence of Coneentraflon and Tempentore.— Taking the rotation of 
sucrose as 100, then that of the anhydrous glucose is 79*7, and that of the 
hydrate 72*5. A.s glucose can be determined by the polarimeter in the same 
way as sucrose, and as every degree Ventzke equals 1 per cent, sucrose when 
26*048 grms. of the saccharine matter under observation are dissolved in 
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100 c.c. at 17*6* C. (26 grros. in 100 true c.c at 4* C.) and read in a 200 mm. 
tube, $0 under the same drcumstances every degree Ventzke is equal to 1*26 
per cent, of anhydrous glucose. Vanation in temperature does not influence 
this rotatory power within those limits which are not exceeded in ordinary 
laboratory practice. 

laflaenee of Alkalis and Salts.—Alkalis, and salts with an alkaline reaction, 
however, influence the rotation because these bodies either attack glucose or 


Per cent. 

Specific a^evity. 

Percent. 

Specific grevity. 

Per cent. 

Specific gravity. 

i 

1*00376 i 

21 

1*0800 i 

4\ 

M530 

2 

1*0076 

22 

1*0838 

42 

1*1608 

3 

1*0116 

23 

1*0676 

43 

1*1606 

4 

1*0163 

24 

I 1*0910 

44 

1*1643 

6 

1*0102 

26 

1*0946 

1 46 

M6B0 

6 

1*0230 

26 

1*0985 ; 

46 

M716 

7 

1*0267 

27 

1*1020 

47 

1*1763 

8 

1*0306 

28 

M068 

48 

1*1700 

9 

1*0342 

29 

M096 

49 

1*1826 

10 

1*0381 

30 

1*1130 

60 

M863 

11 

1*0420 

31 

M170 

61 

1 MOOO 

12 

1*0457 

32 

M205 

62 

1*1936 

13 

1*0496 

33 

1*1240 

63 

M968 

14 

1*0533 ! 

34 

1*1276 

54 

1*2005 

15 

1-0671 

35 

1*1310 

56 

1*2040 

16 

1*0610 

36 

M348 

66 

1*2076 

17 

1*0649 

37 

1*1383 

57 ' 

1*2100 

18 

1*0687 

3$ 

1*1420 

68 1 

1*2148 

• 19 

1*0726 

39 

1*1466 

69 

1*2183 

20 

1 

1*0762 

40 

M494 1 

1 

60 

• 

1*2218 


combine with it. Neutral salts when present in considerable quantities reduce 
it. but in ordinary work no salt concentrations occur to such a d^ree as to 
exert any appreciable influence, and they can therefore be safely neglected. 
Neither adds nor sucrose affect the spectfle rotation of glucose. 

Bl*rotatioo or Muta-rotatloit—The above figures do not apply in the case 
of freshly made, cold glucose solutions, as in this case the glucose has a much 
greater rotatory power, which may even become twice the value just mentioned. 
After standing for some time at the ^tiinary temperature, or sooner on being 
heated, the bi*rotation (also termed muta^rotation) disappears, and the rotatory 
powen reverts to the constant figure of 62*86*. 
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Two glucose solutions^ cMUining respectively 1*8194 grms/and 1*1051 
grms. of glucose in 20 c.c. of water showed subsequently the following values 
for the rotation*:— 


Time efter being 
dieeolved. 

Specific rotatory 
power obeerved 

Time after being 
diieolved. 

Specific rotatory 
power obeerved. 

minutes 

+ 10616* 

7 minutes 

+ 104*26® 

10 

+ 101*66® 

16 

i + 98*63® 

15 „ 

+ 96 99® 

30 .. 

+ 88 61® 

26 „ 1 

+ 87*86® 

60 .. 

+ 73*68® 

60 

+ 72*26® 

420 

+ 52*60® 

70 

+ 63-33® 



00 

+ 69-7I® 



360 

+ 62-94® 

j 



Glucose, when dissolved in water containing ammoriia. shows a cmstant 
rotation immediately without any sign of bi*rotation. A concentration of 
0*1 per cent, of ammonia is quite sufficient for this purpose, not is it advisable 
to use a greater one, as strong ammonia will attack the glucose and affect 
its rotation. 


Rsfraetlou of Light,—The refractiMi of light caused by glucose solutions 
is shown in Stolle's tablef on refraction given here. The figures refer to 
observations, of which one series is made 10 minutes and the other 24 hours 


after the preparation of the solutions. It is seen from these figures that the 
refractive indices of glucose solutions differ only very slightly from those of 
sucrose solutions; this has wee been confirmed by a large number of other 
investigators. 


1 

Cooeentratioo of tbe 
Gluooec. * 

> 

17*6 

Specific Gravity - ' 

Refractive Index. 

0*9907 

0-9967 

1*00216 

1*00215 

1*33465 , 

1*33473 

2*0013* 

2*0013 I 

1*00624 

1*00624 

1*33588 : 

1*33605 

1 

4*0021 

4*0022 

1-01383 

1*01383 

1*33873 

1*33890 

80058 

8-0059 

^ 1-02879 

1*02881 

1*34448 


12-0252 

; 120257 

1^13 

1-04417 

1-35017 


15*9976 

15*9990 1 

1*06882 

1*06891 

1-35572 

1*36581 

19*9896 

19*9916 i 

1*07384 

1-07394 

1-36128 

1*36164 

25*0168 

26*0193 1 

i 1 

1*09259 

1-09270 

1-36826 

1 

1*36863 


• Ptfva and Tollm, “ ZeitteSr. 40. Ml. tabmirlHUil** 51. MS 


































€LVC06K (DEXTROSE) 


36 


Action oC Host. —Glucose when heated above 100^ C. assumes a brown 
coloration; at 170^ C water passes ofi, and the coloured residue contains, 
amongst other products, dextrosan or glucosan. while at a still higher 

temperature the substance swells, blackens, and gives off a large quantity of 
gaseous products, leaving a ci^bonaceous mass, containing caramel, which 
when further heated in contact with the air. undergoes total combustion. 

Calorifle Value.—The calorific value of glucose as determined in the bomb 
calorimeter amounts to 3742*6 kg./kg. calories or 6736*7 B.T.U. 

Action of Adds.—Dilute acids exercise no influence on glucose, but more 
concentrated strong acids. e.g.. a 6 per cent, sulphuric acid solution, break it 
up just like sucrose, causing formation of black humin compounds, a little 
levulinic and formic acid and a btllc carbonic acid and carbon monoxide. 

Action of Alkalis.—Dilute alkalis convert glucose, especially at a high 
temperature, into a mixture of glucose, fructose, and mannose. This process 
goes on gradually until the glucose and the fructose are represented in approxi¬ 
mately equal parts, while the quantity of mannose is very small. Even very 
weak concentrations of alkalis or alluUinc earths have this effect. 

0 

0on?crtlsg Fower. —A quantity of 6 grms. of lime when added to 100 
grms. of glucose dissolved in 400 gms. of water is able at a temperature of 
70^ C. to convert the dextrose into the above-mentioned mixture within a 
few hours. On dissolving 20 grms. of anhydrous glucose and 10 c.c. of N /I 
potassium hydroxide solution in water to a volume of 600 c.c., and heating 
the mixture to 60^ C.. the rotation decreases after 10, 20, 30, 40. 60, 86 , and 
136 minutes to + 6 ® 30', i’’ 20'. 3* 10'. 2* 20'. V 60'. 0® 43'. and 0’ 10' 
respectively. The specific rotation thus decreases to about 0, while at 
this temperature comparatively little glucose is decomposed by the action 
of the dilute alkali. Basic lead acetate, being an alkaline substance, also 
possesses this power, and so do, at a high tcmper|ture, the potas^um 
and sodium salts of «ganic acids; but here the small amount of dissociated 
base contained in solution is able to effect the transformation without destroy¬ 
ing the glucose, 

formitloD of Glaootttea,—Apart from this reaction, alkalis and alkaline 
earths combme with glucose and fonn glucosates, compounds of a character 
analogous to the saccharates already mentioned. Potassium and sodium 
glucosates arc formed by the precipitation of alcoholic glucose solutions with 
alcoholic potash or soda soluti<Hi 5 : thdr composition is expressed by the 
formula C 4 H^i 0 | K ; they are not oystailixable and are unstable both in 
the dry state and in solution. Calcium glucosate can be obtained by the 
precipitation of a solution containing glucose and lime with alcohol; this 
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componnd when exposed to light is also unstable and is bioirefl tip at SO^, 
with the fonnation of colour. Neither neutral nor basic lead acetate throws 
down glucose from its solution in water, but it is entirely precipitated by 
ammoniacal lead acetate (i.e., basic lead acetate to which ammonia is added till 
a precipitate is just about to form). 

DeitruetlTe Aetlon of Alkali. —These glucosates and those of the heavy 
metals arc without special interest to the sugar manufacturer; but a third 
action of alkali on glucose is the destructive one, which takes place to some 
extent in the first-mentioned action in which the glucose is transformed. 
Together with this a part of the glucose is decomposed and if the quantity of 
alkali is suflocient and the action is continued long enough, all of the glucose is 
gradually destroyed and transformed, chiefly into organic acids. 

DeeompositlOD Produots.^The products of the decomposition formed by 
this reaction differ accordiitg to the concentration, the temperature, and the 
nature of the alkali. On heating a glucose solution under W C. with potasJi 
or soda, the alkaline reaction disappears, the liquid assumes a brown coloration, 
and it is found to contain the salts of two acids. Which Peligot called gludnic 
and saccharumic add. Those names now have become obsokt(\ sincf* the 
real clicmical churaclor of tliosc adds cannot 4>e ascertauied any longer 
with full accuracy. The former of these two is very unstable and decom* 
poses spontaneously, immediately at high temperature, and gradually when 
cold, into humic, acetic, formic, and carbonic adds, while also some apoglucinic 
add is formed. The saccharumic add is a more stable one and forms readily 
crystalluable salts : when un combined it however soon becomes coloured and 
decomposes into a number of products the nature of which is as yet uninvesti- 
gated. This spontaneous decomposition of the adds formed by the action of 
alkaline bodies on glucose accounts for the fact that cane syrups and molasses 
which at the outset are neutral subsequently always become add. * 

At very high temperatures, at boiling point for instance, pota.sh attacks 
glucose solutions with the formation of alcohol, acetone, acetic and formic adds, 
and dark-colourcd humic substances. 

At ordinary temperatures alkalis convert glucose without any considerable 
coloration, by simple molecular disengagement, into lactic add, a very 
stable body which is not liable to spontaneous decomposition. At temperatures 
under 55^ C. lime also forms lactic add from glucose, but at higher 
temperatures the already nfbntioued acids are formed, which are apt to undergo 
spontaneous decomposition and become acid. This is the reason why during 
the process of carbonating cane juice, where much lime is brought into 
contact with glucose, the temperature of the limed juice must be maintained 
'Under 55^ C. so long as the excess of lime is not saturated by carbonic add. 

Baryta forms products analogous to those obtained with lime, but as some 
of the primary decomposition products possess insoluble barium salts they are 
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thrown dowfi and thus escape /tether decomposition, so that when worJdnf with 
baryta there is Jess chance of acid liquids than with lime. 

Double Compouiids,«^lucosc forms double compounds with salts of a 
similar character as sucrose.. Those with potassium and sodium chloride 
and with sodium bromide crystalline, but there arc still many others which have 
not yet been obtained in the crystalline form. 

AetlOD of Oxidlflns Afents*—Glucose is very liable to oxidation by various 
reagents. Nitric acid converts it into saccharic acid while at the same time 
oxalic and tartaric acids arc formed. Free oxygen oxidizes an alkaline glucose 
solution; ozone leaves glucose intact when in neutral solution, but in an 
alkaline liquid oxidizes it complete^ into formic and carbonic acid and water. 
Hydn^en peroxide causes, especially in presence of a trace of an iron salt, 
a violent reaction, which takes place with development of heat, formic, acetic 
and tartronic acids an<l some other compounds being simultaneously formed. 

Raduotlon of Cupric Oxide.—Glucose. e.sp(^ia]ly in alkaline solution, readily 
absorbs oxygen, both fi>*e and combined hence the salts of many metallic 
oxides, such as gold cJilorido, silv<T nitrate, a.s well as platinum chloride, 
mercuric chloride, and bismuth nitrate bi'conK* r<'duccd by an alkaline glucose 
solution. Cupric oxide is reduced to cuprous oxide, and this in proportion to 
*thc quantity of glucose*, }>rovidcd the conditions arc always similar. This 
property is made use of in the determination of glucose with Fchling's solution, 
an alkaline solution of cupric hydroxide. In this process thu content of a 
glucose solution is ascertained by the quantity which is required to transforni 
all the cupric oxide contained in a known quantity of the standard copjwr 
solution into cuprous oxide, or by weighing the quantity of cuprous oxide 
which has been prcdpitat<‘d on boiling a known quantity of the glucose solution 
with an excess of Feliling's solution. During the oxidation the glur(»se is 
ctnverted into organic adds, the character of which is not yet fully known. 

Iodine dissolved in borax solution slowly oxidizes glucose into gluconic acid, 
while this reagent does not attack ketoses. Roniijn based a mctliod of 
determining glucose in the presence of fructose on this reaction.* 

Qluepfldes,—On introducing gaseous hydrocliloric add into a solution of 
glucose in methyl alcohol, methyl ghicosidc is formed and water split off. 

C.H, A + CHjOH «« C,H, AO.CH, + H,0. 

This glucoside can more easily be prepared by biding 1 part of glucose for 
ha]i‘*an*hour to an hour in a reflux condenser with 4 parts of acetone-free methyl 
alcohol which has previously been dehydrated by redistillation over quicklime 
and then heated with 0*25 per cent, ctf gaseous dry hydrodiloric acid. After 
that the liquid is heated in a sealed tube in a water-bath for 50 hours, evaporated 
to one-thiid of its volume, and allowed to crystallize. Besides methyl glucoside, f 





38 


THE CONSTITUENTS OF THE SUGAR CANE 


also ethyl, propyl, isopropyl, amyl, allyl and other glucosides haVe been pre* 
pared. All these share with the natural glucosides extracted from plants the 
properties of not reducing Fehling*s srdutioD, of being sUMe towai^ aUraiis, 
and of becoming hydrolysed by adds with the fiberatfon of tbe giucose. 
Numerous attempts to form sucrose by these or similar reactions from glucose 
and fructose have been unsuccessful. 

AetlOD of Yeast—Glucose may be decomposed by yeast, and since it needs 
no previous inversion tbe fermentation proceeds more rapidly than with the 
sucrose. The organisms of the lactic and butyric add fennentations as well 
as Lewonosioc attack it in the same way as with sucrose. 

Detection of Glneost.—When it is necessary to state without doubt that a 
sugar is actually glucose, we can make use of its property of oxidizing into 
saccharic add, which is only formed from glucose orflucoso-containing groups, 
e.g., sucrose. To this end d grms. of the sugar are evaporated on the water* 
bath with 30 c.c. of nitric add of 1*15 spec, gravity to a syrupy consistency 
and the excess of add expelled by adding water and evaporating again. The 
residue is dissaved in 20 c.c. of water, carefully neutralized with potassium 
carbonate while still hot, and a few drops of acetic add added; this addition is 
repeated after again evaporating. If glucose has originally been present, the 
potassium salt of saccharic add crystallises, and is drained ofi on a pOTcelain 
plate, re*crystallised from as little water as possible, re-dissblved, neutralized 
with ammonia, and predpitated by silver nitrate; 6 grms. of glucose yield 2 
grms. of the silver salt dried in a desiccator over sulphuric add. It must, 
however, not be forgotten th\t the simultaneous presence of other readily 
oxidizable sugars can cause glucose to pass over into oxalic add along with 
them. 

Osuone,—Another characteristic test for glucose is its osazone, which ii 
prepared in the following way• 

One grm. of anhydrous glucose ii dissdved in 100 c.c. of water and mixed 
with 5 c.c. of a solution of 40 grms. of phenylbydrazine and 40 grms. of gladal 
acetic add. and the volume made op to 100 c.c., will yield, after bdng heated 
for one hour at 100^ C., a crystalline pred|ntate of glucosazone. the weight 
of which is. after coding, filtering, washing and drying, 0*32 gnns. Its melting 
point is 205^, provided that care is taken in tbe determinatimk to beat tbe 
substance rapidly, for if carried out otherwise too high a value is obtained. 

Colour Boaetioss, —A number of colour tests are yielded by glncose, such 
as a red coloration with a freshly prepared sulphuric add solution of o*najd}tbol, 
but none of these is characteristic of glucose alone, since such colour reactiw, 
as has already been pointed out triien dealing with sucrose, are oominon to 
other sugars also. 



IIL—Fructose (Levulose) 


0ceamD99,-^In the sap of perfectly ripe sugur cane littk or no fructose 
seems (o occur, but it may be .found in unripe or overripe canes. In unripe 
cane it b principally present in the parts still growing, from which it disappears 
as the cane ripens. In dead canes, where the sucrose lias already undergone 
partial inversion, fructose occurs, of course, as one of the products of thb 
inversion* 

Crystalline Forms,— Fructose appears in the form of fine hygroscopic needles 
or of compact crusts of transparent prisms, wliich arc not hygroscopic, and 
possess a specific gravity of 1*669 at 17*5^ C. 

Bpeclfle Gravity of Solutions.—Fructose easily dissolves in water; its 
solutions possess the following specific gravity values at 17*5^ C« 


Per Csnt. 
FaucToss. 

1 

Sracirxc Gravitv. 1 

1 

1 1 

1 Per Csia. 

1 Fructose. 

1 

1 SFECinc Grayity. 

1 

6 

1 

1-02160 1 

16 

1-00603 

7 

1-02676 1 

17 

1 06060 

B 

1-03012 1 

IB 

1-07360 

9 

I-a3447 

19 

1-07826 

10 

1 -03870 i 

20 

1 0B263 

a 

1-04303 

21 1 

1 -08700 

12 

1-04747 i 

22 1 

1-09137 

13 

1-05175 

23 1 

1-096SS 

14 

1-05020 

24 

1-10030 

16 

1-06053 

25 

1-10488 


It b slightly soluble in cold absolute alcohol, but very soluble in hot and in 
dilute alcohol, and in a mixture of alcohol and ether. It b also soluble in 
methyl alcohol, in glycerin, and in acetone. 


Botatory Power,—It deflects the plane of polarization to the left, and its 
kvo^rotatory power exceeds the dextro-rotatory power of glucose and sucrose ; 
the rotation b, however, much influenced by temperature, and dinunishes 
when the latter rises. 

lufluonoo of CoDoafitratlOQ and TempenUuro.—In concentrations up to 
20 per cent, the specific rotation of fructose diminbhes by 0*67^ for every 
degree C. rise in temperature. For a concentration of 10 per cent, the specific 
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rotation is according to Jungfldsch and Grimbert at 90^ C ^ 90*18 arc 
decrees or — 134*1 degrees VeaUke. At higher concentrations these valnes 
become greater, so the specific rotation at the same temperature to a con¬ 
centration equal to 5 per cent, is ^95*22 arc <torees or 143*3 degrees 
VenUke. 

BI-rctatlOD.— Fructose shows Imtation but not to such an extent as glucose. 
Jungfieisch and Grimbert have shown that at 7* C., and for a concentration 
of 9*75 per cent., values for a D » - 97*33*, - 99*n*, - 95*ir. and 
— 04*77^. are given 35. 55. 75, and 105 minutes respectively after the moment 
of the preparation of the solution, and that afterwards the rotation remains 
unchanged. 

Influence of Foreign Bodies.—The rotatory power of fructose is considerably 
influenced by all kinds of foreign bodies; it is for instance reduced by alcohol 
and by hydrochloric add. Alkalis diminish it too, but this can be ascribed 
to the formation of fructosates, which causes the amount of uncombined 
fructose to decrease. 

Optical Relraetlon.—The values for the refractive indices of fructose solutions 
are given in the following table by Stdle. The figures in the first column 
apply to solutions which were obtained 10 minutes after the preparation of 
the solution, those in the second after six hours, and those of the third after 
24 hours. 


* 

CONCKNtRATlOI. OF TIC* , SPECIFIC GeAVITY - 

ANllVOROUft i'JlUCrOSB. i 4 

1 

RlFRACTTVa Indu. 

1*0090 1*0091 1*0091 
2-0100 2*0100 2*0105 
4*0110 40016 4*0124 
80073 8*0074 8*0091 
12 0250 12*0263 12*027& 
15 9090 15*9999 16*0056 
25-0160 26*0190 25*0187 

1-00236 1*00245 1-00244 
1*00610 1*00610 1*00636 
101406 1*01420 101441 
1*02032 102933 102955 
1*04513 104524 104534 
106112 106017 1*06050 
109466 1*09479 109476 

1*33448 1*33448 1*3346 
' 1*33596 1*33558 1*33597 
1-33872 1*33854 1*33882 
1*34447 1*34421 1*34456 
1*35008 1*34991 1*35036 
1*35572 1*35545 1*36591 
1*36825 1*36846 1*36814 


Behaviour of FruotoM on HattIag.^On heating dry inictoae to some time 
above its melting point, it becomes partially decomposed and forms an amor¬ 
phous yellowish mass. On heating it in vncuo at 140* to 100* C., watv sphta 
off and fnictosan (levulosan) remains to the amount of about 90 per cent of 
the weight of the fructose used. 
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Moist fructose is decomposed even at the lower temperatures aod gives oS 
water aod carbonic acid. It is therefore very necessary when drying substances 
containing fructose for determining the moisture in canu sagar^bouse products, 
to carefully avoid decomposing this sugar, otherwise too high a value for 
the mobture will result. It is advisable to dry such substances £rst at 
60^ C. and afterwards to drive ofi the last traces of water at 100* C. On 
further beating, fructose gives ofi much vapour and leaves behind a carbon¬ 
aceous mass, which on continued heating in presence of the oxygen of the air 
undergoes total combustion. 

Calorific Value.—The caloriAc value of fructose as determined in the bomb 
calorimeter is 3765*0 kg*/kg- calories, or 6769*0 B.T.U. 

Dooompoiltlon on hoOlng Aqueous Solutlous.—On boiling fructose with 
water it is very rapidly decomposed: 4 grms. of fructose b^led in a platinum 
vessel attached to a reflux condenser for 60 hours with 60 c.c. of water yield 
a brown-coloured liquid, having an acid reaction. The rotatory and the 
reducing powers are thereby diminished by 10 per cent, and about 1 per cent, 
of the sugar becomes unfermcntablc. If the fructose solution is heated to 
temperatures above 100* C., the decomposition is much quicker and more 
intense, and gives rise to the fonnation of a number of adds. 

Action of AcUs.--Very dilute adds heated for a long time with fructose 
solution change its rotatory power, whilst more concentrated mineral adds 
(e.g,, 6 per cent, hydrochlctfic or sulphuric add) split it up into formic, Jevulinic, 
and humic adds with the simultaneous fonnation of furfural and carbonic add. 

Action of Alkalis.—Dilute alkalis, as well as potassium and sodium salts 
^ organic adds, exert an action on fructose analogous to that on glucose, 
and the final products are identical. Espcdally at high temperatures, fructose 
is on partial decomposition converted into fructose.•glucose, and mannose, 
the composition of which mixture is the same as that obtained in the trans¬ 
formation of glucose. Tlie strong Icvo-rotalion of the fructose hereby gradually 
diminishes till the mixture shows no further rotation. During this trans- 
formatiem more adds are formed by decomposition than in the case of glucose, 
while decompodtion is always more rapid with fructose than with the former 
sugar. In p^ractical work, however, much difierace cannot be observed 
in the products ol decomposition of glucose and fructose, as both their character 
and their mutual proportion are very much aUke. 

Alkali Itnetosatei.— The tructoaates of potassium and sodium can be 
prepared in exactly the way as the corresponding glucosates; they 
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are extremely hy g rosco p ic aAd soon become decomposed with the formation 
of colour. Their general formtila is: 

C,H„0^a 


Calcium Fruciosate.—Calcium fructosate is diiefly employed for isolating 
fructose from its solutions. To this end the solution is cooled down to a few 
degrees below freezing point and mixed with 6 parts of fresh and very finely 
powdered quicklime to every 5 parts of fructose present. Alter that the 
mixture is stirred and allowed to crystallize. After 24 hours' standing the 
calcium fructosate i$ found to crystallize in the form of fine needles, which 
are centrifugalled. suspended in ice water, and decomposed with carbonic 
acid, which liberates the fructose. All these operations must be performed 
in the co]d> as the fructosate is easily decomposed by beat. 

Lead Fmetosate^^Neither neutral nor basic lead acetate throws down 
fructose from its solution in pure water, but the last>mentioned reagent pre¬ 
cipitates this sugar in part, so long as salts occur in the same solution with 
which basic lead acetate forms insoluble compounds. When in this case a 
precipitate of a lead salt is formed, it carries down a part of the fructose as a 
plumbic salt. As in the clarification of cane sugar products the addition 
of basic lead acetate is only to form an insoluble precipitate with compounds 
in the solutions, this reagent will also eliminate a part of the fructose from the 
product. For this reason clarification with lead subacetate or basic lead 
acetate is not applicable when it is necessary to determine the content of 
reducing sugars in the filtrate. Such solutions are better clarified with neutral 
lead acetate* 

Fnictose is quantitatively precipitated by ammonical lead subacctate (i.e., 
basic acetate of lead to which ammonia is added till a precipitate is just about 
to form). The precipitate Is white at first but becomes pink after some dayf 
owing to partial decomporition. 

♦ 

Double CcispooDds.—As in the case of sucrose and glucose, fructose com¬ 
bines with salts to form double compounds; of these the following have already 
been obtained in the crystallized form by evaporating their concentrated 
aqueous solutions over sulphuric add: calcium chloride, bromide, and iodide: 
strontium chloride, bromide, and Iodide. and barium iodide. Their formuls 
are respectively* 

Ca Og + 2 H,0; Ca Br» + 4 H,0: Cal, + 

2 H,0; Sr Q, + 3 H,0; Sr Br, + 3 H, O; C,Hi,0,. Sr I, 

+ 4H,0; aDdC,H|,0,.BaI, + 2H,0. 

These double compounds readily dissolve in water but they are dissociated 
in aqueous solution, so that their solutions exert a rotation equal to that of 
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the fnictok which they contain. Compounds with other saits have not yet 
been obtained in the crystalline form, but they undoubtedly exist as will be 
shown in the chapter on Molasses. 

Action of Oxidising Afcnts.— Nitric acid oxidises fructose into formic, 
oxalic, tartaric add, Ac., without the fomiation of saccharic add. Hydrogen 
peroxide yields, especially in presence of a trace of an iron compound, acetic, 
formic and tartronic add. The oxidation products of fructose by the action 
of metallic oxides are identical with those of glucose, the only difference in 
the decomposition being that fructose is more quickly oxidised than glucose. 
Iodine dissolved in borax solution docs not oxidize fnictose. and by means of 
this reaction it may be differentiated from glucose. 

Pmetoddes.—A substance analogoas to methyl ghicoside is obtained from 
fructose by dissolving one part of crystallized fructose in nine parts of anhydrous 
methyl alcohol and adding so much solution of gaseous hydrochloric acid in 
methyl alcohol that the mixture contains about 0*5 per cent< of hydrochloric 
acid. The mixture is allowed to stand for 48 hours at 35^ C., it is then neu« 
tralized with silver carbonate and evaporated. The fnictoside does not 
crystallize nor does it reduce Fehling’s solution, hut it becomes hydrolysed by 
boiling with dilute acid with the re-formation of fructose. 

Aetlon of Twt,—Fructose is liable to the action of all the fermentative 
agents which attack glucose; it ferments with wine or beer yeast, though 
more slowly than glucose, but finally yields the same products in the same 
proportion; it is also attacked by the lactic and butyric add fennents. 

Detection of Traetose.—The strong levo-rotatory power and the property 
of forming an insoluble compound with lime are characteristic of fructose, as 
iwcU as the reaction of yielding neither mucic nor saccliaric add on oxidation 
with nitric acid. But besides these the quantity uf osazonc which it yields with 
phenylhydrazine is a good confirmatory test. On healjng I grm. of anhydrous 
fructose dissolved in 100 c.c. of water for an hour with 5 c.c. of the phcnylhy- 
drazine and gladal acetic acid mixture mentioned on page 38, the same 
glucosazone, as in the case of glucose, is predpitated, hut its quantity is 0*70 
gnns., or almost twice as much as in the former case. The melting point of 
the glucceazone is of course also 205^ C. 

Methylpbeiiyl Gluoosasonc,^ Another good characteristic is the methyl- 
^lenylosazone, for this compound docs not form from aldoses at all, and from 
the ketoses only of fructose in a crystallized form. In order to obtain the 
crystallized predpitate a solution of 1*6 gtms. of fructose in 10 c.c. of water is 
mixed with 4 grms. of methylphenylbydrazine and so much alcohol that a 
Hmpid solution is obtained. Now 4 &c. of 50 per cent, acetic add are. added, 



44 


THE CONSTITITENTS OF THE SUGAR CANE 


the mixture is heated from 5 to (at a maximoni)* 10 minutes in a tnter-batb 
and allowed to cool in a beaker covered with a glass plate. After some time, 
not exceeding two hours, reddish crystals amounting to 80 per cent, of the 
fructose used are formed, these may be recrystalliaed from hot 10 per cent, 
alcohol and should have a melting point of 153*^ C 

Colour Roaetloiis^^Fruetose. even in very dilute solution, may be detected 
with great ease by a great number of colour reactions, but here also most of 
these tests do not apply solely to fructose but likewise to other sugars, for 
instance sucrose, which in most of the reactions is hydrolysed first into glucose 
and fructose, the latter then giving the reaction as though originally present. 
Thus the colour reactions with the a- and /3*naphthol and with resorcinol and 
sulphuric add apply as well to fructose as to raftnose, sucrose, and the other 
ketose, sorbose. 

The colour reaction with ammonium molybdate and acetic acid is the only 
one which can be claimed to be characteristic for fructose. It should be noted 
that, except acetic add, no other organic or inorganic free add must be present 
in the solution. On adding to 10 c.c. of a 4 per cent, ammonium molybdate 
solution, 10 c.c. water, 0*2 grms. of gladal acetic add and a trace of fructose, 
and heating the mixture in a water bath at 95^*98^ C.. after three minutes 
a deep blue coloration appears, owing to the reduction of the molybdic add. 
Other sugars produce this coloration less rapidly and less intensely. 

This reaction does not occur in the presence of free adds other than acetic 
add; these may be removed by adding lead acetate, predpitating the excess 
of lead with sodium carbonate, and addifying the filtrate with acetic add. 


* IV.—Invert Sugar 

Although invert sugar is not a simple sugar but conmis of a mixture of 
equal parts of glucose and fructose, it occurs so largely that some particulars of 
it may be mentioned under this separate heading. 

Preparation*—Invert sugar is prepared commerdalJy by heating a sucrose 
solution with a very small quantity of add until the solution, when examined by 
the polarimeter, shows the levorotation corresponding with Its concentration. 

Hersleld calculated the following table for the ievo-rotation of a completely 
hydrolysed sucrose solution for different concentrations at the temperature 
of 20* G 
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18 
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23*0 
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20 

21*05 

24 9 

8*60 

■EM 

21 

22*10 

26*2 

9*04 

- 20*46 

22 

23-16 

27*5 

9*40 

9*94 1 

- 20*49 

23 

24*21 

2K8 

- 20*53 

24 

25 26 

30*1 

10 39 ! 

- 20*57 

25 

26 32 

31*4 

10*58 

- 20*61 


An invert sugar solution for analytical purposes is piepared, accoT<ling to 
Soxhlet's method, by dissolving 9*5 grms. of sucrose in 700 c.c. of hot water, 
heating it with 100 c.c of N /5 solution of hydrochloric add for half>an-hour 
on a water-bath at 100^ C., cooling rapidly to 20^. neutralising it with the 
required amount of N /5 sodium hydroxide solution, and making it up with 
water to 1000 c.c., by which operation a solution of exactly X per cent, of 
invert sugar is obtained* 

Rotatory Power.—The spediic rotation of invert ^ugar is equal to .the 
difletence in those of the two components, and is consequently much affected 
both by differences in concentration and in temperature. 

laflQeim of Tenporaturo on Rotation.—Lippmann* found these figures 
for concentrations of 17'12 invert sugar (equal to 16-38 sucrose). 

DegreesC. 0 10 20 30 40.5060 70 80 

ftD —27-9 - 24*5 -21*4 —184) —16*2 -12-0 -8*5 -5-8 —2-0 
^ich agree very well with tbo^ calculated by Tuchsebmid's formula:— 


t 
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According to this formula there exists a temperature, via., 87^ C.> kt which the 
rotation of invert sugar is zero; of this property use is made in sugar analysis, 
although at so high a temperature invert sugar is liable to be decomposed, and 
the figures for tlie rotation thus obtained will therefore not be entirely reliable. 


Inilaenee of Conoenlntion on Rotation.—At higher concentrations the 
levo-rotation of invert sugar increases as will be shown by Borntraegcr's 
figures for a temperature of 20^ C. (('onamirations being in grams per 100 c.c.). 
Cone. » C 10 15 20 25 30 40 50 60 


a ld-75 -20 04 -20-32 -20-58—20-84 -21‘08 —21*53 — 21-94-22-80 
D 

In such experiments it should be remembered that by considerably diluting 
the hydrolysed solution, the specific rotate^ power is at first further to the left 
than after standing some time. In these determinations one must therefore 
take the precaution to dilute the sucrose solution, previous to the inversion, 
to about the same concentration as that at which it will be polarized after 
that operation. 

Unlike the polarization of the simple sugars, in which the commonly 
occurring quantities of salts or adds do not affect the rotatory power to any 
noticeable extent, that of the invert sugar is usually much influenced by adds 
or salts, since it is mixed for the purpose of the inversion with large percentages 
of hydrochloric add. 

Gubbe* represents the influence of hydrochloric add on the rotation of 
invert sugar at 20^ C. at a concentration of hydrochloric acid of from 0-3 per 
cent. (S) by the following formula:— 


a 


D 


^ — (19-55 + 0-32621 S). 




Herzfeld's directions t proscribe 5 c.c. of hydrochloric add of 1-188 sp. gr., 
corresponding tu 6 grms. of 38 per cent, add or to 2-2 grms. of hydrochloric 
ga:^, which is dissolved in a volume of 100 c.c. This concentration will therefore 
according to the above formula, increase the rotatory power of the invert sogai 
by 0-32021 X 2-2 = 0-72’, 


Langguth SteucrwaldJ uses in his method of inveraon 30 c.c. hydrochloric 
add of I-IO sp. gr., or 0-6 grms. of HCl, which renders the influence of that 
ad<l still stronger than in Hcrzfeld's prescription. 

The influence which is exerted by salts is still more considerable than that 
of the free add. Since therefore the presence of hydrochloric add, the concen* 
trillion of the solution, and the temperature, are factors which have a condder- 


•'-ZoiUeltf. RgbnifittWud " ltt4. IDS. 40. IH 20S. 44S.1 
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able iiiflueflce on the rotation of invert sugar, great care should be taken when 
polarizing sugar products after inversion, to adhere exactly to the prescribed 
dir ections as to weight, concentration, and temperature, and to use the formula 
which is adapted to these conditions. 

Hie action of adds, bases.; ftc., on invert sugar is of course the same as has 
been described for glucose and fructose* 

NomeneUture.—In this work we adopt the system of grouping the glucose, 
the fructose, and the mixture of both these sugars known as invert sugar, 
under the common name of redudiig sugars/' The amoujit of these redudng 
sugars present is determined from the quantity of copper oxide reduced, 
without making any distinction between the individual sugars in the mixture. 
Wherever, therefore, in this work tlie term'' reducing sugars is used, it always 
m<ans that sugar or mixture of sugars which has the property of redudng 
Fehiing's solution. 

The explanation of the reason why we have adopted the terms glucose, 
fructose, and rolacing sugar, instead of tl)c more widely used expressions 
dextrose, levulose. and glucose, is given lo the Preface. 


V.- Starch 

Starch occurs in the chlorophyUpbearing cells of the leaves, around the 
bundles in the leai-shcaths and around those ol the top of the stem, whilst in 
the adult joints little or no starch is found. 

It occurs in very minute granules. It produces a blue colour on treatment 
with a solution of iodine in potassium iodide. 


VI.—Fibre 

Oeeumnee,—All the solid substances of the cane are grouped under the 
name of *' cellulose " or “ fibre.” The first-mentioned term is not correct, as 
the fibre, properly speaking, only partly consists of cellulose, the other con¬ 
stituents being lignin and a pentosan in proportions which vary according to 
tlie species of the cane and its age, as will be seen from the table given overleaf. 

By " fibre *' is understood that portion of the vegetable tissue which resists 
boiling with first 1*26 per cent, sulphuric add for one hour and then with L*26 
per cent, solution of caustic soda for the same period of time. 
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Fibre 

Pentoeao 

Atb 

Nitrogenous Subetnoee, etc. 
Lignin (by difference) 


i 


i. 
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|iS68 
1*47 

ro 

I0-88 


B2-iS 
1*M 
20 
17'7« 


g 
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|62*8a 

23S2 
2*40 
80 
17*61 


I 


i 


£ s 


f 


I 


f 

48-88!6S'89|66'7eM*88 S8*86 
2r4622*6414*082a*90i85>70 


BUcn Jftvft. 


u 


Afvlfi Kootlo. 


S 18 : 8 13 


1*0 
{S4*ia 


80 

14*64 


1*66) 1*68 

I 

1*0 I 1*0 


16*48;:6*0090*49 


3*46 

8*0 


39*76|41*36 

18*6o!iO*81 


8*36 

8*0 


4*01 

8*0 


50*3 
31 *60 
8*96 
8*0 


26*40a2*80:11*16 


The pentosans are dotermincd by ToUen's method in which the substance 
is distUled with hydrochloric acid, the distillate neutralized with sodium 
carbonate, then acetic add and a solution of phenylhydrazine acetate added, 
and the predpitated furfural bydraione finally weighed. 

Properties of Celluloie.—Cellulose may be hydrolysed by sulphuric add 
and 1$ thereby converted into glucose. The pentosan which may be isolated 
from the fibre by extraction with dilute soda solution and predpitation with 
acetic acid and alcohol is, when freshly predpitated, soluble in hot water, but 
on cooling the solution becomes opaque and gelatinous. Alcohol does not 
immediately precipitate the aqueoxis sedution, but only after the addition of a 
little acetic add or soda solution. The aqueous opaque solution becomes 
clear after addition of soda or potash, and these can dissolve still more of the 
gum, but it is predpitated by excess of lime or baryta and by lead acetate. 

After being dried, the gum is only slightly soluble in water, but it com^ 
pJetely dissolves, though slowly, in soda solution. 

Rotatory Power of the Pentosan.—The solution of 6 grms. of cane gum in 
100 c.c. of water obtained by the addition of as little soda as possible is ^htly 
opalescent, but can be polarized alter being allowed to subside for some days, 
It deflects the plane of polarization strongly to the left, and to such an extent 
that the specific rotation of the organic matter, free from moisture and ash» 
is about aD ^ ^ ^0^ 


Composition of the Pentosan.-*^ bydrolyas with hydrochloric acid the 
gum yields (calculated to 100 parts of d^ and ash>£ree material) 90 per cent 
ot sugar, chiefiy xylose, accompanied by a small ^oportion of another sugar 
possessing a more positive rotatory power, proteUy araUnoae or ^ucoee. 
On distilUtion vntb hydrochloric add of 1*06 specific gravity the pentosan 
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yid^ 46*3 pbi cent, of furfural which conespoois to 88*3 per cent, of xylan. 
Oxidation with oitric acid does not produce mudc add but trioxyglutaiic add, 
a proof that the cane gum consists of xylan accompanied perhaps by araban. 
Browne*'found 75 per cent, xylan, 24 per cent, araban, and 1 per cent, galactan. 

ComUnattont of Cane Gnnt— Cane gum enters into combination with bases. 
The soda compound is up to now the only one investigated ; it dissolves in 
water to a viscous liquid, but is insoluble in alcohol. The soda content is 10 
per cent, which corresponds with the formula NaOH. 

In English and Amencan publications we often find the term ** gum ** used 
for other bodies which properly speaking do not belong to tlie class of gummy 
matters, and might better be tabulated under the name of " organic non* 
sugar.*' In the Hawaiian Planters' Monthly, 1906,374, Peck gives the following 
definition of what he understands as gum 

*' By this term is indicated all the impurities pred^tated by subocetatc of 
lead, and includes, naturally, a great many substances other than true gums, 
such as gludnic, melassinic and sucdnic acids, and perhaps partially aspartic 
add. The preci]Atate. produced as in the sucrose and glucose determinations, 
with an exactly sufficient amount of the lead solution, and the addition of a few 
drops of acetic add, was thoroughly washed first by decantation and then on the 
filter, until the washings gave do test for sugars with a-naphthol. The precipi¬ 
tate was then suspended in water and decomposed with sulphuretted hydrogen, 
filtered, concentrated, and weighed in a platinum dish. This was then ignited, 
and the weight of the ash deducted." 

The question of the removal of cane gum from the juice is discuased in the 
chapter on Clarification. 

Inemstattog Ibtter. —The incrustating matter which in cane fibre accom- 
pSnies the cellulose is, according to Browne and Blouin, lignin, and has the 
same composition as Lindsey and Tollens ascribe to the lignin from wood, 
vis.. C»4 H||(CHJ|Oio. The former investigators report ^he following compos¬ 
ition for cane fibre ^rotan, ash, fat, etc. excluded):— 


Per cent. 


Cellulose (including oxycellnlose} 

55 

Xylan 


^ 

20 

Araban ^ 



4 

Lignin 


^ 

15 

Acetic ac*d 

0 ^ 

^ e ••a 

6 




100 


•' AfttM v«ar Jm SoikenDdattrk.'* 1146, 1024. 
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Sfteehir0ttn*^LaDgguth Steuerwald* isolated from cane fibre ^ constituent 
occurring therein to the amount of 5 per cent, of the dry substance, to which 
he gives the name of saccharetin. He treated finely powdered cane fibre 
for a long spell with a diluted solution of caustic soda and precipitated from 
the solution thus obtained the equally dissolved cane gum or xylan by means 
of Fchling's solution. The liquid filtered off from the precipitate gave a 
precipitate oi sacdiarctin after having been acidified by hydrochloric acid. 

Propertlei**^Saccharetin is a ligbt*yellow, amorphous tasteless body, 
which in a moist state has an aroma of vanillin, but in a dry state is odourless. 
It is very soluble in alcohol and in gladal acetic add. but sparingly so in water, 
and not at all in ether, benzol, acetone, chloroform or carbon bisulphide. 
It dissolves in solutions of soda or potash and in ammonia with a yellow colour. 

Saccharetin may be predpitated from these alkaline solutions by acids 
and from those in alcohol and in acetic add by addition of water. The solution 
in ammonia gives a predpitate on addition of barium chloride and of caldum 
chloride. Ferric chloride colours the neutral solution dark, and on addition 
of alcohol a dark brown predptate is thrown down, which, in a dry state, 
only contains 6*3 per cent, of iron. 

Lead acetate yields yellow predpitates both in neutral and in alkaline 
solutions. 

On treatment with phloroglucin and hydrochloric add saccharetin is 
coloured intensively red and orange red with aniline and sulphuric add, thus 
showing tlie lignin reactions. The alkaline saccharetin solution does not 
reduce Fehling's test solution, and it does not possess any rotatory power. 
Neutral and alkaline sacebaretiA solutions are completely decolorized by 
bone-char. Elementary analysis gives a molecular formula of (C^HyOi)^. 
According to Stcucrwald. saccharetin belongs to the phlobaphenes. and may 
bo considered the aromatic compound in wood or what is otherwise cal^ 
lignin. 

Saccharetin does not occur in the sap of the cane and is not dissolved in 
the expressed juice, but is present as a constituent of the fine fibre or '' cush- 
cush " in suspension. The add or neutral cane juice does not dissolve 
it from that fibre, but as so^ as the juice is limed to an alkaline reaction it 
gets dissolved to some extent. The same thing occurs if the cane bagasse 
on the carriers is macerated with alkaline sweet-water from the presses, or 
with alkaline la.<it-mi]l juicf. As, however, owing to the very close incrustation 
of cellulose with lignin, the latter substance dissolves only very reluctantly, 
the amount of that incrustating body which enters into solution is very small 
after all. But. rince common clarification does not remove saccharetin, 
and since that body assumes a dark colour in contact with iron salts* it is 

voor SaUnffaS^Uto.*' 1911. 154). 
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advisable to get as little saccharetin in'the juice as possible; hence the use of 
sieves with fine meshes is to be recommended in straining the canc juice. 

Colloid Water —The fibre does not occur in an anhydrous state, but contains 
a certain amount of sugar-free colloid water of hydratiem. so that in the living 
organism of the cane stalk the fibrous parts are found sugar-free with their 
own water extent along with the sugar-containing parenchyma cells. 

When discussing the milling work wc shall find opportunity for refu ring 
to this colloid water. The authw has concluded from his experiments* that 
the colloid water amounts to about 20 per cent, of the weight of the dried 
fibre, while Langguth Steuerwaldt found a figure of 22-4 per cent, at ordinary 
temperature and pressure, which value may considerably decrease at high 
pressure. 

Solubility of ConsUtueots of Cans Fibre la Water.— Canc fibre is not 
insoluble in water since on prolonged ebullition it gradually decreases in 
weight. ShoreyJ found that cane fibre from which all the constituents 
of juice had been withdrawn by extraction with cold water yielded * 
a soluble substance to boiling water, the amount of wliich increased 
the longer the treatment with hot water was continued. A quantity of 
finely divided cane, which after extraction with cold water contained 
10 per cent, of fibre, only contained 9*3 per cent, of that constituent 
after boiling with water for five minutes, and no more than per cent, 
when the boiling was continued for two hours. So that during that time no 
less than 12 per cent, of the fibre was dissolved and carried off. Krfiger§ 
boiled 50 grms. of finely shredded cane repeatedly with 200 c e. of water and 
dried the residue after 10.15. and 20 extractions. The following table shows 
us that after 20 extractions the fibre content was 0*43 per cent, less than after 
10 . and that hot water therefore continuously dissolves parts of the cane fibre. 
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The atttb(M‘ has stated that the constituent which hot water Sssolvts from 
the hbre has a decided dextrorotatory power. For this reason the sucrose 
content of bagasse Is found to be too high if the boilir^ is too prolonged. A 
period of ten minutes, if 30 grms. of bagasse and 300 c.c. of water are used, is 
quite sufficient to extract all the sugar, and at the same time does not cause 
any appreciable quantity oi the fibre to pass over into the Hquitl. Owing to 
the fact that hot water extracts some of the fibre, the determination of the 
fibre content in sugar cane and in bagasse by extraction with boiling water is 
apt to yield lower results for that constituent. 

Previous to the p re s e nce of the saccharetin (which is soluble in alcohol) 
being known as a regular constituent of the cane fibre, we recommended the 
determination of the fibre content in cane and in bagasse by extraction with 
alcohol. In order to prevent coagulation of albuminous matter, the finely 
shredded cane or bagasse was washed first with a little hot water and afterwards 
treated in an extraction apparatus with strong alcohol till all the sugar had 
been removed. It is specially in the case of young cane that the fibre content 
found by water extractiwi differs much from that determined by extraction 
mth alcohol. 
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Fibre by water extraction 

7-36 
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Fibre by alcohol extraction .. 

8*0 

8*65 1 

8-35 


Difference on 100 parts of fibre 

8*2 

7*5 
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Experiments by Van Welie* showed him that on extraction of cane fiBre 
by means of alcohol yet other bodies than saccharetin pass over from the 
cane fibre into the solution. Langguth Steuerwaldf showed likewise that on 
extraction of cane fibre with alcohol, tnatter from the solid fibre was dissdved. 


so that extraction by alcohol also yields values for the fibre content vriuch 
are too low. The real figure fm* the fibre content is to be found in an indirect 
way by subtracting from the total dry substance of the cane the amount of 
dry substance belonging to the iuice, found by multiplying the sucrose content 
by 100 and dividing the product by the quotient of purity of the e xpressed 
juice. 

A cane with 29*65 per cent, of dry substance, a sucrose cemtent of 18*16f 


and a juice purity of 85*2 thus contains 29*65 - X 
per cent, of fibre, 

t * Us. aw fowMl.** 1913. 942. 
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CiUorU^ TaIite.^A5 cane fibre forms the imndpa] source of fuel for the 
cane sugar industry, the determination its calorific value is of considerable 
iroportance. This value is given here for the fibre of seven different varieties. 
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8370 

8482 

8341 
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Column V shows the calorific value for the calculated organic substance, 
ascertained in the moist samples and calcuiatcd on 100 parts of dry and ash*free 
substance. In column VII is given the same value, but this time determined 
in the previously dried samples, and again calcuiatcd to 100 parts of diy and 
ash-free substance. The fi^es for these latter values are all a little low, 
l^ch. as all the water driven off was merely hygroscopic, is difficult to explain, 
because in that case the figures in columns V and VII should have been identical. 
All of the figures stated are averages of three detenmnations in which very 
concOTdant r^ults were obtained, and because in every one of the cases the 
difference is on the same side, we may safely conclude to their having one 
common cause. Whatever this may be is not known yet. but as the fuel is 
used in the mdst and not in the anhydrous condition, the figures of column 
V apply more to the conditions met with in practical working, ^erefore we 
suggest uang the figures of column V when it is ne<;pssaiy to have a base for the 
calculation of beat produced, consumed, and lost in a sugar factory, or for 
similar calculations, and then we can take the average figure of 4761 kg./kg. 
calories 8662 B.T.U* 

Coates* found for the calorific value of Louisiana cane 8326 B.T.U* or about 
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the same as found in Java. Kerr and Percy* found for the fibre of Louisiana 
cane 8368 B.T.U. and of Cuba cane 8435. 

When making such calc\ilations it must not be forgotten that these figures 
represent the highest values, as the determinations were made at the common 
temperature in the calorific bomb, where the latent condensation heat of the 
water, both that already existing and that formed by the combustion, is 
included in the figure for the calorific value. This heat escapes, however, in 
practical working, when the vapour is driven off into the chimney and thus 
carries away that latent heat. In calculations of the real calorific value we 
therefore subtract from the calculated calorific effect of the sucrose and fibre 
the figure for the latent heat of all the water, that which already existed in 
the fuel as well as that which is formed by combustion of the organic substances. 

Elementary Constitution of Cane Fibre.—The elementary constitution 
of a few samples of canc fibre calculated for 100 parts of water and ash-free 
substance is as follows 
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« 

Comparisons between Cana Fibre and Wood«^Cane fibre, therefore, dose^ 
resembles wood, as may be seen fn»n the enumeration of the coropositiOT 
of several kinds of wood, to be found in Bdlstein's Orgamseke Chemu, 1,1078. 

O 


Kjhd or Wood. 

C. 

1 

1 

H. 

V. 

0. 

0:H. 

Ash. 

Yoke Elm .. 

49-48 


1 0-84 

43'60 

717 

1-62 

Beech 

4d,-89 

607 

0-93 

43-11 

7-10 

1-06 

Poplar 

60-31 

6-32 

0-98 

42-30 

6-71 


Birch 

50-61 


M2 

1 42-04 

6-75 

0-85 

Oak 

60-64 

6-03 

1-26 

42-05 ; 

6-97 

1-65 ' 

Willow 

51*75 

6-19 

0-98 

41-08 j 

1 

6-62 ; 

2-00 


Bipc Siftte Mo. 117. 
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Tht TQ^cnbilA&c^ becomes still iDort pronotmeed oa compAiisoii ol the 
calorific values of wood aod cane hhtt. Tbougb not properly belonging to this 
series, the figures for the calmfic value of cane tzaah (dry leaves) are given here 
to make our list as complete as posrible. 




CAtoamc Valub tn B.T.U. 

KrifD OF BiATtaiAa. 

Koirrvsa. 

1 

UMDaiso. 

On 100 ?AaTS or 
Day ICatkual. 

Beech . 

13*0 

7602 

8624 

Fir . 

12-2 

7960 

9067 

Oak . 

13-3 

7182 

8283 

Pine . 

11-8 

8073 

9107 

Old Teak. 

0-68 

8114 

8066 

Young Teak 

Cane Trash (leaves) 

2lh41 

5947 

8424 

10-46 

6003 

7807 


DUferenee la Gomparlsofi of Fibre, —In chemical composition the fibres of 
the various cane varieties do not show con»derabledilicrences, but their physical 
aspects do. The fibre from cane having a high fibre content is much more 
compact than that of cane possessing only a low fibre content. This is shown 
by the table given here, containing the weight in grms. of 100 c.c. of loosely 
shaken, finely chopped, air-dried cane fibre of various kinds having differing 
fibre cmitents. 


Cao6 Vtriaty. 

Pel cut Fibfe in 
the Cane. 

Weights In enas. 
of too ex. nbre. 

Number of Analytes 
from which the 
Average it ealcslsted 

Seedling No. 100 .. 

9-77 

5-46* 

3 

Black Java 

10-38 

6-71 

9 

White Manila 

11-80 

6-38 

3 

Seedling No. 247 

13-86 

6-97 

8 

u II 199 

14-16 

7-30 

5 

•• ,f 33a «• 

16-69 

; 7-23 

1 • 9 

B 96 . - 

15-72 

•4-95 

8 
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THE CONSTITUENTS OF THE SUGAR CANE 




Composition of Ash trom Otoo Fibre.—Apart from the constituents akeady 
mentioned, the fibre obtained from cane by ejctracting all the other substances 
with alcohol still contains about 1 per cent, of albumirund matter, and from 
1 to 3 per cent, of ash. of which the composition is given here:— 


Sihea •• «.• .« .• 



80-37 

Iron and calcium phosphates 



6-87 

CaJduro carbonate *.• ». 



0*80 

Potassium carbonate .. .. 


«• 

U70 


100-00 


Vll.-Pectin 

Oocurreaeo.—Some pectin or pcctic substance is always found in cane 
juice. In that of certain varieties it is present in greater amount than in 
others, and the composition of the soil also seems to influence its presence. 

Origin.—Famell* found the origin of this pectin present in the juice to be 

the p>ectinogcn which he encountered in canc fibre to the extent of about one 

p<tr cent. The milling process allows part of the pectin to pass over into the 
• . c 

juice, 

ProperUes.—Pectin ts only predpitated on the strong addition of lime as 
is the case in the carbonatation and sulphitation processes, and even then its 
removal is not a complete one, and therefore it may be expected in the clarified 
juice and in Uic molasses to a greater or less extent. It is soluble in water 
but insoluble in acidified alcohol; it does not yield sugar on being heated with 
dilute adds, nor furfural on distillation with hydrocUoric add. Its lime salt 
is somewhat soluble in watfir and more so in sugar solutioa. Lead acetate 
predpitates pectin from its aqueous solution. On evaporating 5 grms. of 
pectin from cane juice with 0Oc.c. of nitric add of 1*16 sp.gr.. about 1 gnn. of 
mudnic add is obtained, corresponding to a content of about 30 per cent of 
galactane groups in the pectin. 


lAi. sofv 190 iia 



Vlll.^Organic Acids 


The organic adds of the sugar cane arc ac<»itic, glycollic, oxalic, malic, 
sucdnic, tannic, and, in dead cane (as a product of decomposition), also acetic 
add. Some investigators report having also detected dtric and tartaric adds, 
but thdr allegations have not as yet been confirmed. In ripe canes the quantity 
of organic add is only very small, and docs not exceed 0*16 per cent., of which 
quantity 0*06 per cent, is present as free add, and the rest combined with 
potash. 


GlyoolUe Add—Glycoliic add occurs among other constituents in unripe 
grapes, and is also detected in beet juice i)ottoms after the juice has been 
heavily limed and has subsided. Its lime salt is soluble; the acid therefore 
is not removed by clarification, and it may be traced in the molasses in so far 
as it has not become decomposed during manufacture. 


Ozalle Add.—Oxalic add is found in a great many plants, among others 
in beetroot leaves, wood sorrel, &c., whilst it is to U* found as calcium oxalate 
in a number of fruits, tubers, See. Caldum oxalate insoluble in water, but 
dissolves in a sugar solution, cspcdolly when this is dilute and alkaline. On 
concentration it becomes insoluble and is therefore deposited in the last vessels 
of the evaporation plants in 5ugar*bouses as uicrustation, while it is no longer 
found in the syrup. 

Mallo Add.—Malic add is found in a great many fruits and juices; it is a 
very stable add and does not Wcome decomposed in the course of manu* 
facture; its lime salt is soluble in water, so that the add is not removed by 
defecation of cane juice with lime. 

t 

Buednle Adt—Sucdnic add, like malic ad<l, is a very stable add, and like 
it also possesses a soluble lime salt. • 

Aeonltic Add*—The lime salt of aconitic add is soluble, and therefore its 
presence may be detected in the darified juices, sjTups and molasses. 

Acefle Add*—Acetic add is only to be found in dead or diseased canes as a 
product of the decomposition of the sugar. Its,lime salt is soluble, and 
therefore remains in the juices after liming. 

Other Adds produced.—The adds mentioned here originate from the cane 
and pass over into the juice, but during manufacture large quantities of organic 
adds are produced by the action of lime on the reducing sugars, and on sucrose. 
Their properties have already been mentioned on page 36 under the heading 
Glucose. 
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IX^-Cane Wax 


Oeenmaee»—On the ontside ot the rind the cane» espedally near^the 
nodes, we find a more or less considerable la^ of wax, wUch is more con* 
ipicuous in some varieties than in others. 


Propertlet.*~This wax melts at S2* C., boils at 146* C., is insoluble in 
water and in cold alcohol, slightly soluble in cold ether or chlo r o f wTn, but 
dissolves e^y in hot alcohol, ether, and chloroform, and in benzene. 

According to Wynberg* this material is not a single body, but a mixture 
of varying proportions of a primary alcohol of the formula Hu O, with a 
second body, having the formula Cgg Hgg 0, while possibly yet other alcohols 
or esters of a high melting point are present in it. 


X.--Golouring Matter 

4 


Oeevrsnes,—^Besides the saccharetin already discussed under the heading 
of fibre, various colouring matters occur in the cane and its juice. In the 
peripheric strata of the rind of the sugar cane there are cells containing the 
colouring matters, causing the differing coloration of the cane. 

CUorophjrlL—One of these, chlmpbyll, is the regular constituent found 
in every green plant cdL It is insoluble in water and in sugar solutions. It 
is in suspension in the expressed cane juice, for which reason it passes into the 
scums, not interfering any further with the process of manufacture. 


Anthoeyan.—A second colouring matter pres e nt in the rind is anthocyan, 
a violet*coloured substance which is found in the outer cells of dark<olouiCd 
canes, but is almost absent in white (W yellow cane varieties. In contrast 
with chlorophyll, anthocyan is soluble in water and in sugar sdutions, which 
explains why the juice of canes having a dark-coloured lind is so much more 
coloured than that of green or ydlow canes. It also proves why the last^miU 
juice of coloured canes in which the juice of the hard rind is strongly tepr^ 
sented is so much more coloured than the first-mill juice in which chiefly juice 
from the soft parenchyma cells is present. The purple colour of the anthocyan 
solution is changed to a d^k green by the additicm of Ume, but the body is not 
predpitated until a stron^y alkaline reaction is obtained by the addition of 
a great deal of milk-of-Ume on clarificatioiL 

Sulphurous add is incapable of bleaching antho^an adutions; it de* 
colorizes them to some extent, but after exposure to oxygen of the atmosphere 
the original cdour returaa» 


• •lat Sqgv S2U 

68 



COLOURING MATTER 
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Polyplwitoli*—Although properly speaking not coburing matters* yet 
the class of bodies coining under the denomination of polyphenols or tannins 
IS apt to cause dark colorations in the expressed cane juice either from the 
action ot oxydases or of ferric compounds. According to the investigations 
id Schneller* the eyes, shoots and tops. the assimilating parts of the cane 
contain polyphenols distributed in the vascular bundles. In the leaves they 
are found in and near the bundles connected with the stomata; in the top 
jmnts of the stalk, where sugar is being accumulated in the bundles as well 
as the parenchyma. These polyphenols assume a dark coloratiob on exposure 
to the air in comlnnation with oxydases, but much mare strongly so when 
coming into contact with ferric salts. The add cane juice dissolves traces of 
iron from the rollers and from other machinery, and on oxidation to the ferric 
state these iron compounds form black compounds with the polyphenols. 
Sulphurous add bleaches them, as by the reactiem the iron is reduced to the 
ferrous state, but the colmation returns on exposure to the air, so that this 
bleaching pror ^ ^ is only of short duration. Bone-char and similar absorbent 
agents remove the polyphenols from the juice, and thereby have a permanent 
decolorizing effect on cane juices and syrups. 

Since the tops contain the largest proportion of polyphenob. the easiest 
way of decreasing the amount of these bodies in the juice is to top cane low, 
and use the tops for planting instead of grinding them along with the cane. 


XI .--Nitrogenous Bodiea 


__ ^ _ cane contains very little nitrc^cnous substance; 

only the leaves andtiie green tops contain a rather conddcrable quantity, but 
in the ripe parts of the stalk only the buds arc provided with it. A p^ectly 
ripe without the leaves, contains an average of 0'05 per cent, nitrogen, 
and the whole plant, without the rtwts, up to 0^ per cent. Juice filtered 
through doth was found to contain from 0-018 to 0-062 per cent, of mtrogen, 
bring 0-080 on the average, and of this small amount a considerable portiem 
was not dissolved, but was present in the form of a colloid: the amount of 
nitrogen decreasing greatly after filtration through filter paper. 
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jUbumin. —Among the nitrogenous bodies occumng in the sugar cane, 
albumin occupies only an insigniiicaJit place. In unripe cane its amount is 
larger than in fully ripe cane. It is not yet known to what class of albumin 
that found in the cane belongs. 

Amides and Amino^A^ds. —Several investigators report having encountered 
leucine, asparagine, glycocoU, and similar bodies in the cane juice ; but only 
asparagine with minor quantities of tyrosne and glutamine have been separated 
with certainty by Zerban. He found no more than 0*05 per cent, of the weight 
of the juice of these bodies, but it is not improbable that at the outset the 
amount of asparagine and glutamine was much larger, since both bodies are 
readily decomposed and may have become so partially during their isolation. 

Bases,—Small portions of xanthine bases, especially guonin, appear to have 
been detected in cane juice. 

Composition of Kltrogenoos flubstaneos, —According to Brown and Blouin* 
the various nitrogenous bodies of sugar cane may be stated as follows:— 

Percentage of Cane. 


Albumin (coagulable and soluble in pepsin) ,. 0^9 

Nuclein. &c. (coagulable and insoluble in pepsin) 0*040 
Albumoscs and peptones (not coagulable) .. 0*033 

Amino adds (aspartic add) .. .. .. 0*145 

Amino add amides (asparagine).. .. .. 0*232 

Ammonia .. . • .. .. . > 0*008 

Nitric add . 0*071 

Total nitrogenous bodies «. 0 *688 


The author remarks, however, that the above percentages are subject to 
considerable variations according to the age and variety of the cane, manner of 
fertUuation, and cultivation. 

The amount of nitrogenous bodies occurring in exhausted molasses, in which 
product the impurities from the juice have of course accumulated, so far as they 
have not been deposited during manufacture, is likewise very small, and the total 
amount of nitrogen seldom ^cccds 0*2 per dent, of the weight of the molasses. 


* ** UHtfkiwu Exp. state fialiMki.'- Nq 91. PM» S. 






Xn«'-Incombu8tibIe Matter or Ash 


Oeeumaee.^Sugar cane a plant that absorbs very little mineral sub¬ 
stance from the soil; this is veiy clearly to be deduced from the minute quantity 
gf as!) it contains. The constituents vary in quantity between rather wide 
Hmits according to the quality of the soil, the manuring, anil tlio variety of the 
canc, but each of them is found in every canc ash. The figures given below 
may be regarded as average examples. 



On too 

ran* 


On 100 partK of Ash. 


1 

1 

1 

1 . 

II. 

Ill. 

IV. 

V. 

i VI. 

• 

1 

Potash. 

0153 

23*0 

12-56 

25 03 

7-60 

1 38-23 

Soda . 

; 0010 i 

i 1-6 

5-07 

2-20 

6-45 

1-30 

Lime . 

' 0018 

2-7 

6-5(1 

3-24 

12-63 

0-10 

Magnesia. 

! O-OU ' 

' 2 1 

5-08 

3-22 

1 

601 

5-76 

Iron Oxide 

0 003 1 

1 0-6 1 


1 

0 56 

M3 

Alumiua .. 

1 

•“ i 

1 1 



1 

0-25 

Silica . 

0351 

02*8 

56-76 

1 53-42 


15-70 

Sulphuric Acid 

OOIG 

2 4 

2-00 

0-53 


18-47 

Phosphoric Add .. 

: O’OOH 

U*7 

10-63 

10-78 


5-27 

Carbon. 



— 



0-08 

Chlorine •. 

0003 1 

0*3 

0-20 

0-02 

48 

0-21 

4-52 


I. Analysis by van Lookeren Campogne & v. d. Veen. 


II. 

SI 


III. 

f 1 

Boname. 

IV. 

99 

99 

V. 

9 $ 

Popp. 

VI. 

• i 

Brown and Blouin. 




















CHAPTER II 


PROPORTION AND DISTRIBUTION OF THE 
CONSTITUENTS OF SUGAR CANE 


The constituenta of the cane mentioned in Chapter I occur in very different 
proportions daring the whole vegetating period of the cane* and are not to be 
found in the same proportion in every part of the stalk. This is not to be 
regarded as one homogeneous mass* Irat as a living organism* every part of 
which has to fulfil its spedai function, and has therefore a constitution differing 
from that of any other part. 

According to Went's investigations** which were modified by those of 
Kamerling,t and of Geerts^ we may represent the f<vmation, transformation* 
transposition, and accumulation of the sugars in the cane in the following way. 

Formation of Sugar la the Cane.—Under the influence of light the chlorophyll* 
bearing tissues of the leaves form carbohydrates from water and the carbonic 
acid of the atmosphere, probably in the first place sucrose, this formation 
increasing with the intensity of the light. The sucrose is transferred to the 
stalk, but if more sucrose is formed than can be so transferred (as will ocofr 
in the day time), the surplus is deposited in the form of starch. This starch 
is, however, disserved, again at night time and then'transferred to the stems 
in the foim c! glucose. The leaves contain also a little fructose* which is 
formed by inversion of part at the sucrose. 


Tranilar of the Sugars*—When considering the further behaviour of the 
sugars one must make a distinetkm between those iHiich are transported from 
old leaves and those from young (Hies. Sugars coming from an old leaf reach 
the stem in an already adult joint. Here the sucrose does not undergo any 
change; the reducing sugar is used for resj^tson* and b thereby converted 
into water and carbonic add. so that its amount constantly dimixiishes without 
however disappearing entirely. 
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THE CONSTITUENTS OF THE SUGAR CANE 

Tn&iforBUtfOD of tbo formed Sogir. —^When the sogars come from a younger 
leaf» where in general the assiinilatioii is mm powerful, and the quantity of 
nesdy^formed carbohydrate mwe om^dnble, they reach the stem at its 
top. Here the sucrose becomes inverted^ and the more so, the more rapidly 
the top grows. This inversion increases the isotonic power of the liquid in the 
cell, which in its turn promotes the growth. The reducing sugar is partly 
employed in the formation of the fibre, while another portion reaches the top 
and combines with nitrogenous substances to form albuminc^, or is deposited 
there as starch for subsequent use. 

Dlsappearaoee of the Reduetng Sugar.^That part of the reducing sugar 
which remains in the top is gradually consumed during respiration, wt^e part 
of it is also deposited temporarily as starch In ^e leaf-deaths and in 
the top joints. 

Intensity of the Assimilations.— Kamcrling in Java found that in the course 
of a sunny forenoon the dry substance content of powerfully as^ilating cane 
leaves increased by 15 per cent, notwithstanding that carbohydrates had been 
continuously transferr^ to the stem during that time. Taking into con- 
sideratioQ that forenoon only, and assuming the weight of the assimilating 
leaves per stalk to be 300 gnns., having early in the morning a dry substance 
content of 20 per cent., then the leaves of one cane stalk produced at Least 
300 x 0*20 x 0*15 » 9 grammes of carb^ydrates. 

Browne and Blonin* in Louisana madie analyses of the leaves of a young 
cane at night and in the morning, and from different parts of the stalk. 




Evening 

Morning 



per cent. 

percent. 

Brix. 

• 1 

.. 6*77 

5*09 

Sucrose 

• e 

0*94 

0*64 

Glucose ^. 

• • 

0 63 

0*86 

Fructose 

• • 

0*69* 

0*77 

Ash • • • • .. 


1*42 

1*24 

Free adds .. 

p # 

0*27 

0*27 

Combined adds 


0*62 

0*54 

Nitrogenous bodies.. 

% # 

016 

0*18 

Gums 

$ s 

0*30 

0*17 


We notice in the juice of the leaves a large decrease in the amount of sucrose 
during the night with a i^nesponding increase in the amount of reducing 
sugars. In the top joints we note an accumulation of the reducing sugars; 
at this point, which is the region of active growth, we have the greatest disparity 
between suense and reducing sugan, ^e glucose ratio being 462. In the 

tb« uniMt B>p. siute,* ia p. ti 
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middle joints, where the process of growth is being suspended * we observe 
that the reducing sugars are in the minority in comparison with the sucrose, 
which is henceforth stored up in the pith as reserve material. The bottom 
joints illustrate the same facts, only to a greater degree. Regarding the other 
constituents, it will be seen that the percentage of ash, free and combined acid, 
nitrogenous bodies, and gums all decrCiise from the leaves downwards to the 
stalk. 

Water coiuumed during Growth,—Maxwell,* in Hawaii, showed that during 
the whole period of the growth of the cane a supply of 147*8 parts of water is 
required for the formation of every part of dry substance. 

Successive Comppsltlon of a When we observe a single joint, from the 

moment at which it is formed to the period of ripeness, it will be seen that at 
first it contains no carbohydrates except starch. This constituent gradually 
becomes consumed, probably in the fonnation of the fibre, and during that 
time the joint enters into the stage in which the leaf, attached to it. begins 
to assimilate. Sugars collect; the joint begins to grow, the glucose and the 
fructose at first remain unchanged, while the sucrose becomes for the gr«^ter 
part inverted. A part of the invert sugar is conveyed to tlie younger joints 
in the top and another part is consumed during the growth for the formation 
of the fibre. At the moment tliat the joint b full-grown, it thus contains little 
sucrose and much glucose and fructose. These two sugars are consumed in 
the respiration process, but in the meantime now sucrose and also glucose and 
fructose are continuously supplied by the leaf, the former docs not now become 
inverted any further, nor consumed by respiration, so that finally the joint 
contains chiefly sucrose and only a little reducing sugar. 

At last the joint has reached the period in which the leaf to which it belongs 
has ceased to assimilate and is dying oi¥. Now the quantity of sugars in the 
joint only increases by the portion whicli flows to it from the higher parts of th$ 
canc and thus is not fixed by the higher joints. As the distance of the joint from 
the assimilating leaves becomes larger, owing to the death of more and more 
leaves, the incrense m*the sugar content grows less until finally we reach the 
point where the influx of sugar into the joint b totally stopped, but owing to 
assimilation by the chlorophyll d the rind, the joint gains a little sucrose: 
however, thb profit b more than counterbalanced by the loss of reducing sugar 
by respiration. Tbis sugar decreases continually until in the riper joints it 
sinks to about 0*20 per cent, of the weight of the cane but very seldom dis¬ 
appears totally. In such regions where the cane is allowed to ripen fully, some 
joints contain no reducing sugars at all, but in practical working where some 
part of the cane stalk b always unripe or overripe, we are sure to find reducing 
sugar in every cane juice. It b evident that as soon as the point of maturity 
is passed, the reducing sugar content increases because of the inversion of 
sucrose. 

jL Am. te** tm, 
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Bottom folot8« —Not all the joints, however, behave in this way. First 
of all, the bottom joints, bearing the roots, are exceptions. The roots require 
reducing sugar for their growth, which is conveyed to thdr top for tlic building 
of the tissues and the formation of albuminoids, while part of it is di*posited in 
the root*cap as starch. This sugar is withdrawn from the joint bearing the 
roots, where it is formed by inwrsion of the sucrose. During the development 
of these joints the increase in sucrose, though notable, is consequently not so 
considerable as in the higher joints which do not have to provide for the 
roots. As the former become older, all the sugar which enters into them is 
used for the formation of roots, so that the sugar content docs not further 
increase. 


Joints growing rapidly,— A second exception may be found when cane 
which in the beginning has grown slowly, and therefore already contains much 
sugar, suddenly shoots up into a rapid growth at a lime when the sky U clouded 
and thus asdmiJation by the leaves relatively Insignificant. In this case sugar 
can be withdrawn from the lower tops to assist the growth of upper ones. 


Plaoa of Maximum Suerose Content In CtDe.—As a result of the above- 
mentioned facts the maximum sucrostt content of a cane will for a long time 
be found in that joint which is on the same level with the soil, or just above 
the youngest root’bcaring joints, and this maximum will be found in higher 
joints after every banking which covers new i<Mnts with moist earth and causes 
development of roots and cortsequently consumption of sucrose. At the age 
of ^ or seven months the maximum sucrose content will hv found a little 
higher up the stalk, and as the time of maturity approticlics will rise until 
rather near the top. This upward movement can still go on when older joints 
are already overripe and decrease in sucrose content. 


Composition of the different Joints.— After liaving ascertained that canes 
from the same field were of similar composition. Went analysed canes from a 
gRen field joint by joint, at different periods, and tabulated the results 
obtained. 

The Roman figures at the headings have the following signification 


I. 

II. 

III. 

IV. 
V. 

VI- 

VIL 

VIII. 

IX. 

X. 

XL 


Number of the j^ts, starting at the bottom. 

Length of the joints in centimetres. 

Weight of the joints in grms. 

Per cent, sucrose in the jeant. 

Per cent, redudng sugar in the jdnt. • 

Per cent, dry substance apart from sugars in the joint. 
Sucrose on 100 parts ot the figure from VI. 

Reducing sugar on 100 parts of tlie figure irom VI. 
Sucrose on 100 juice. 

Reducing sugar on 100 juice. 

Sum of the figures from IX. and X, 
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foovCuie.—i StaJk, 6 Months 1 —17 Bottom Part, White 

Top. 


r. 

11. 

I m. 

IV. 

V. 

VI. 

^ 1 

vn. 

VIII, 

IX. 1 

Q 

XI. 

i—10 

80 

24*5 

m 


26-5 

26*3 

1*0 

94; 

^9 

9*6 

11^16 

90 

1 360 

Kkm 

04 

16*0' 

ESI 

2*5 

11*6 

flW 

121 

lO-'lS 

10*0 

39*6 

19 

1*0 

13*0 

69*2 

7*7 


1*2 

11*6 

19—20 

8*6 


19 

1-9 

12-8 

63*9 

14*6 

7*9 

2*2 

10*1 

21—30 

13*6 

39*0 


2*3 

12*3 

m 

18*7 

2*8 

2*6 

64 

Total 

49-0 


6-94 

1*26 

1 ' 


— 

i 

! 


1 


1 Stalk, 7 Months of Age, l^ie Bottom Part. 34-40 White Top. 


I. 

1 

IZ. 

in. 

IV. 

V. 

' VI. 

1_1 

VII. 

vin. 

IX. 

Q 

XI. 

1—10 

9*0 

1 

226 

6*9 


151 

19*1 


8-6 

0*2 ^ 

6*7 

11—16 

8*0 

36*0 

6*8 

1 

0*16 

220 

440| 

BH 

11*3 


11*6 

17—16 

5*6 

30*0 

18-1 1 

0*21 

; 17*7 

68*3 

1*2 

14*7 


14-9 

19-20 

6*0 

41*0 


0*24 

160 

88*9 

1*6 

16*7 

Ql 

160 

21—22 

6*5 

33 K> 

12-e 1 

0*26 

144 

67*6 

■El 

14*7 

m 

160 

23—24 

8*0' 

63*5 



13*8 

670 

2*6 

13*9 

04 

14*% 

26-26 

6-0 

41*0 



il3*3 

76*2' 

6*3 

11*6 

0*8 

12*3 

27—28 

7*0 

46*0 

8*2 

1*1 

1 13*1 

62*6 

64 

mn 

1*3 

10*7 

29—30 

6*6 

*46*6 

6*1 

1*5 


470 

11*5 

70l 

ul 

6*7 

31—32 

7*6 

63*0 

3*2 

2*2 

i9 il C < j 

30*2 


3*6 

HI 

60 

33 

6*6 

33*0 

1*5 

2*6 


13*6 

23*6 

IQ 

30 

4*7 

34-40 

13*0 

40*0 

0*8 



IB 

18*3 

m 

2*2 

3*1: 

Total 

67*6 

n 

ill 

7*86 1 


t 

1 



1 


— 



























































THE CONSTITUENTS OF THE SUGAR CANE «7 


1 Stalk, 8 Months ol Age, 1—18 Bottwn Part, 34-41 White Tjp. 



/ 

/ ///. 

/ 

/v. 

j VI. 

1 VII. I VIII. 


lx. 

/ XL 

i—13 

'Ea 

' 310 i 

i 6-8 

0-21 

'23-6 

26-8 1 0*9 

1 8*9 

la 

9-2 

14-16 

mclm 

410 1 

11-7 

0-4 


70*6 • 2-4 



14-6 

17 


29 -5 ' 

11-8 

0-6 

18-3 

1 

77 1] 3-9 

14-4 


,16-1 

18 

6-6 

38-6 

11-6 

;0'7 

14*6 

79*4: 4*8 

13-6 


146 

19 

6-0 

36-5 

11-2 

0'8 

14*6 

76*7 6-5 

130 


140 

20 

8-6 

360 

11-2 

09 


DSKn 

130 


140 

21—22 

^ 7-5 

610 , 

11-1 

0'9 

13-2 

84*11 6*8 

1 

12-8 


il3-8 

23 

7-0 

480 1 

10-8 ' 

1'4 

12-6 

: 86-4 11-2 

12-4 

11-6 

140 

24 

8-0 

680 , 

10-8 

16 

il21 


12-3 

1-7 

1 

140 

26 

' 80 

670 i 

10-7 

1-6 

!n-6 

92-2 13-8 

12-1 

1-8 

13-9 

26 

10 0 

700 1 

10-6 

1-9 

10-7 

90 1; 17-7 

11-9 

21 

140 

27 

11-5 

800 

9-8 

20 

(llO*) 

(80-1) (18-2) 

(11-0) 

(2-2) 

(13-21 

28 

10-6 

770 

9-2 

2-1 

11-2 

830118-7 

10-4 

2-4 

12-8 

29 

110 

72-5 1 

i 7-9 

2-2 

11-8 

670'18-7 

00 

2-4 

11-4 

30 

110 

720 

6-9 

2-3 

10-6 : 

661 121-7 

7-7 

2-5 

10-2 

31 

120 

74-6 

6-5 

2-4 

11-1 

40-6 1 21-6 

6-2 

2-7 

8-9 

32 

120 

71-6 ; 

1 3-8 

2-6 

DU 

36-6 ‘ 24-6 

4-3 

2-9 

7-2 

33 

10-6 

690 i 

2-3 

2-6 

9-9 

23-2 1 26-4 

2-6 

2-9 


34 

lOO 

420 ; 

1-3 

2-6 

10-2 

12-7 [24-6 

1& 

:2-8 


35—41 1 

17-6 

400 I 

0-8 

1-8 

1 

9-7 

8-2; 18-6 

0-9 

I20 

1 

1 

2*9 

Total 

188-5 

1086-6 

8-17 

1-75 


1 

1 1 



— 


^ • The bottom part of the cane is woody and contains little sugar: the sugar 
content rises rapidly in the joints above ground and there possc-sses the maxi¬ 
mum sucrose content of the whole cane. When, by the operation of banking, 
these joints are covered with moist earth, the roots sprout and withdraw sugar 
from them, so that the maximum sugar coateni is now to be found a little 
higher up. Then we find quite a scries of joints with high sucrose content^ 
and after these a decrease upwards, which is the more marked ytfhen the growth 
is vigorous. The maximum reducing sugar content is to be found in the upper 
joints, rising in a cane of slow growth and falling soinewhat lower in the case of a 
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6d PROPORTION AND DISTRIBUTION OF 

» 

rapid growth. Generally speaking, one may conclude that a joint contains its 
maximum reducing sugar content at the period of its most vigorous growth or 
a short time alter. This reducing sugar has come from inversion of sucrose, 
which is dearly sliown by the relative proportions of the three sugar&^sucrose, 
glucose, fructose, which in slowly growing tops are as 4 :2:1, and in rapidly 
growing ones as 0 *8:1:1. 


1 Stalk, 0 Months of Age, 1—20 Bottom Part, 39^7 White Top 


I. 

II. 

♦ ♦ ♦ 

III. 

IV. 

m 

VI. 

VII. 

VIII. 

IX. 

X. 

xt. 

1—13 

120 

500 

1^9 

0*21 

19*2 

46*8 

19 

11*1 

0-3 

11-4 

14—15 

9-5 

40-0 


0*20 

16-9 

74-5 

1*2! 

15*2 

0-2 , 

15*4 

10 1 

7*0 

350 

IBIm 

0*32 

fm 

78-3 

1-9 

15*6 

0-4 

16-0 

; 


400 

13 1 

0*4 

til 

77*5 

3*0: 

; 16*8 

0-5 : 

16*3 

18 


37 0 

13-5 

Ea 

14*1 


i 3*5; 

: 15*6 

0-6 

16*2 

19 

BQ 

45-5 

13 5 

EH 

13*4 


1 4-5! 

EEQ 

1 

0*7 : 

16-3 

20 


42-0 

13-5 

06 

13*8 

97*8 

1 4-3 

: 15*6 

1 0*7 , 

16-3 

21—22 

0*5 

59-0 

13-5 

0*5 


97*4 

1 3*6 1 

15*6 1 

: 0-6 I 

16-2 

23 

7-5 

62-5 

13-5 

0*8 

12*3 


i 6*6 j 

16-4 1 

1 0*9 

100 

24 

90 

66-5 

13-5 

M 

11*7 

116*4 

i 9*4 

15*3 1 

1 1-2 

16*5 

25 

100 

76-0 

13*5 

1*2 


127*3 

n-3 

15*1 i 

1*3 

16-4 

26 

10-0 

1 76-5 

13*5 

1*2 


126*2 

1 11*2 1 

15 1' 

1 1-3 

16*4 

27 

11*5 

86*5 

13*7 

1*2 



' 11-4! 

15 *3 ' 

' 1-3 ! 

16-6 

28 

ll-O 

83-0 

13*4 

1-3 


132*7: 

1 12-9 

140 

! 1*4 1 

16-3 

29 

120 

88-0 

13-0 

1*4 

10-3 1 

1 

126-2 : 

13*6 

14-5 ' 

lO 

1 16-1 

30 

10-5 

1 

78-5 

12*4 

1*5 



14-1 

13*9 I 

1*7 

! 15*6 

31 

110 

1 

75-6 

1 

11-9 ' 

|l'6 

12*2 

97-5! 

12*3 

13*5; 

1-7 

15<^ 

32 

120 

77-0 

11*3 

ira 

11*9 


I 12*6 

12*8 i 

1*7 

14*5 

33 

il-5 

1 

1 71-0 

11*4 

tsi 



15*6 

12*8 ' 

1 

19 

14*7 

34 

9-5 

1 rfl-0 

9*8 

in 

11*8 

83-0 

15*3 

111! 

2*0 

13*2 

35 

9-5 

56-5 

8*9 

1-9 

12-2 

72-8 

15-6 


2-2 

12*8 

36 

11-0 

64-0 

7*0 

2*1 

11*8 

59-3 

17*8 

; 7-9 1 

2-4 

10*3 

37 

no 

63-0 

5*0 

2-4 


45-9 


5*6 

2*7 

8*3 

38 

HO 

67-5 

3*4 

2-4 

iQI 

33*7 

1 23*8 

; 3-8 

2*7 

6*5 

39 

10-0 

43-5 

1 1*9 

2-2 

IfSI 

18-4, 

21*4 

2*2 

2*4 1 

4-5 

40—47 

18*0 

42-0 


1*9 

9-S 

8*2 

19*4 

0-9 

1 

2*1 ! 

1 

3*0 

Total 

262-5 

1 

15760 


1*31 

1 

1 



1 

— 
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Bipe Caoii.—The distribution <A the onstituents in hiUy ripe c&nes ii 
given by Went as follows 


CANE PLANTED IN JULY AND ANALYSED THE NEXT YEAR. 


25tb Afui. 


ill! 







9V5 1> 
750 13 
H5 If 
(70 IM 
7i S n o 
705 11*6 

7*0 12-1 
770 l>1 
TVS IVI 
67^ I VO 
7V0 IV5 
705 IV4 
71'0 IVI 
1V7 
67*5 1V2 
6*5 1V4 
62>5 1V9 
505 IVl 
505 IV2 
50Q 171 
177 
500 1H 
5*5 170 
51*0 U't 





JOfrt. 


I L- 2 

* ^ f 

s r * 


V55I 15 


SS I 19 


0<52l' 21 


V2 
>1 
75>0 07 
805 10 5 
108 
J06 
1V6 
IV5 
705 170 
805 170 
IVO 
IVO 
IVO 
1*0 
1*0 
1*0 
IVI 
IV5 
60{ IV7 
108 
1*9 
107 
I/I 


79 l2|')0i 
79 bl- 


1700 098 


5V5 

9051 *8 ! 08 '15 


26*1* 1**7 055 


8th JVLV. 




720 
91* 
MOO 
1200 
noo 
n*$ 
7 I 10*5 
1020 
8h5 
73* 
8*5 
81* 


2* 

V 

77 lO* 




1*0 05 
1*8 05 
1*7 0<45 
1V2 04 
IV4 04 
IV8 


I 



S 
2 

5 I 034 





104 
1M 029 
17*2 029 
I7>2 024 
17* 023 
17* 026 
17*4 027 
178 02* 
174 024 
I70 023 
17* 024 
1*8 028 
177 029 
13* 0Z7 
IVO 0» 
11* 04 
09 0* 
S* 08 


2470 1V3I 038 




Overripe Cane.—When cw is allowed to stand over in the fields a long 
time after it has reached its maximum sucrose content; the latter decrea.«ies 
liT^ularly. Although the normal distribution of sucrose In the cane is still 
faintly visible; the changes are unmistakable; we notice little sucrose in the 
bottom jointS; a ra^ rise in the higher joints, an irregular percentage in the 
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intermediate joints* and a maximnm near the top. On the irtiole the figures 
are lower; only the top has inoeased its socrcse content. Tht redudng sugar 
has also increased to over 0*60 per cent, in many joints of the cane; the top 
joints, having ripened* do not contain so much. But* on the whxAt, sucrose 
has become inverted in many parts of the cane. 



Canes ittaeked by Dtsaase or Inifret Pests.—Canes attacked by infections, 
diseases or by insects 4o Qot show such a regular distribution of the coa* 
stituents as sound ones. Attacks of the cane borer {Duttraa sttuUaUs) causo 
the sucrose content to fall, bridle that of reducing sugar remains unchained 
the same effect being brought about by attacks from woodpeckers {Dendrocopui 
anaUs). Attacks by the top bmr (SeirpophMgn $nUcta) do not seem to affect 
the sucrose content, but the joints attacked may become infected with thw 
pineapple disease or black rot, causiDg an increase oi reducing sugars. 
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We give^ here the composition of different joints of cane attacked in some 
places by Borers and the Red Smut disease (caused by CoUMrichum /ak4Utm^. 


No. of the 
Joiat. 

1 

1 

I. 

11. 

Sucrose. 

iRedoc'g 

Safer. 

1 

ObeervatioDS. 

Sucrase. 

1 Redac'g' 
' Sufsr. , 

• 

Observationt. 

1 2 

: S 

13*4 1 

i 

1*74 


15*6 

r 

1*70 


4 

6 

12*8 ; 

2*0 

' j 

16*9 

X-33 



7 

i 12*2 1 

1*74 

1 

1 

16*4 

1*67 


8 

0 

12*7 : 

1*90 

4 

t 

14*8 

2*0 


10 

11 

12*6 ' 

1^7 

Borer. 1 

12*0 

; 3*20 

iRcd Smut. 

12 

13 

7*2 ! 

1*90 

, Red Smut, j 

11*8 

1 3*07 

U 

15 

1 11-0; 

2*67 

1 1 

14*4 

1 2*67 

w 

16 

17 

i 13*2 

210 

1 

12*5 

I 3*33 

Red Smut. 

IS 

19 

i 12-3 

2*60 


16 2 

1 2*10 

Borer. 

20 

21 

11*6 

2*67 ; 

1 

i 

13*6 

2*28 

Red Smut. 

22 

23 

IM j 

1 2*67 

1 

1 

14*2 

2*40 


24 

26 26 

9*8 \ 

1 

1 


Top. j 

1 

1 



Influence of Arrowing.—Arrowing is disadvantageous, inasmuch as. 
vegetation having ceased, the* cane is more liable to die off than if it bad not 
arrowed. Arrowing does not. however^ affect the composition of the cane to 
any extent, as may be seen from the analyses un next page of two cancs from the 
same stool, one of which had anowed and the other not. 

^ These results fully agree with those of some other experiments, in which some 
thousands of canes which had arrowed were cut from a field simultaneously with 
an equal number of canes which had not. These experiments were made on 
three estates, on two of which the white tops of the non*'wowing cancs were cut 
fw planting previous to grinding, while on the third the top was crushed along 
with the«canes. Of every parcel 200 canes were measured and weighed, and 
then crushed in a triple crushing mill without maceration (see bottom t>age 72). 
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Ko. of the Jeioti. 

Weight 
ifi gme. 

Length 
is CD. 

Percent. 

Sncroee. 

Percent. 

Redudng 

Snger. 

Dry 

Sebeteaee 

I.—Arrowed, 







White top .. 

• ^ 

105 

9-7 

2-4 

3 49 

17-8 

Adult }<AnU, 1 + 2 j 

frcHn 

37*5 

11 

8-2 

2-84 

22-6 

$» M 3+4 

the 

83*5 

12-5 

10-0 

2-10 

24-1 

. 6+6i 

top. 

102 

15 

11-9 

1-67 

26-0 

Not Arrowed. 







White top ., 

% 4 

90 

8-7 

4-2 

3-07 

17-8 

Adult joints, 1 + 2 ^ 

from 

101-5 

12 

5-6 

3-75 

18-8 

M .. 3 + 4 1 

the 

112 

18 

8-0 

2*84 

20-7 

M d + eJ 

' top. 

123 

14 

lOO 

1 

2-07 

22-3 

II.—Arrowed. 




1 

1 

1 



l-Yom arrow to joint No. 6 i 

31-7 

16-5 

24 

2-18 

143 

Joints 6+7 

• • 

41-S 

10 

4 6 

2-56 

20-8 

.. S + 8 

4 • 

71-7 

12 

d-2 

2-39 

22-1 

10+11 

* 4 

76-8 

12 

94 

207 

24-0 

.. 12 + 13 

4 4 

88-1 

13 

12-2 

1 

1-71 

26-2 

Not Arrowed. 






1 

From vegetation pdnt to 



1 



Joint 6 .. 

4 4 

18-8 

8 

2-5 

2-25 

16*26 

Joints 6+7 

• « 

40-6 

9 

4-6 

3 66 

18-95 

8+9 

4 0 

59*0 

11 

8-e 

2*95 

236 

10 + 11 

0 0 

80-3 

13 

10-8 

2-02 

264 

.. 12 + 13 

4 0 

94-3 

14-5 

13 

1-60 

26-7 







0 


i 

1 

t. 

U. 

: ■ in. 

amved. 

Kot 

AiTOWcd * 

i 

anowed. 

1 Not 
Arrowed. 

Arrowed. 

Not 

Arrowed. 

Length of the cane in metres 

1 

1 

_ 

_ 

2-56 m. 

2 -60 m. 

Weight of the cane with top 

1 

1-65 kg. 

1-88 kg. 

1-17 kg. 

1-24 kg. 

1*83 kg. 

1*87 kg. 

1 . .. without top 


1-73 




1*72 „ 

Polarization of the juice .. 

19 3 

18-8 

1943 

i 17-93 

19-11 

19-61 

Reducing sugar in the juice 

042 



1 

0-57 

0-^ 

Brix of the juice .. 

21-3 

^9 

22-0 


21-09 

i 22*0 

Purity of the juice 

90-6 

1 928 

88-3 

87-9 

90-57 

8914 

Available sugar in the juicel 

17-3 


16-86 

1546 

, 17-13 

17-22 

Fibre on 100 cane 7 ] 

1 

13-2 

, 

13-0 

1 

— 


1 

1 
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The cane^ which had arrowed were slightly lighter than the corresponding 
canes which bad not, and from which no tops were cut, but heavier than those 
from which the tops had been removed. The analysis of the juice reveals no 
great difierences, except in case IT where the available sugar in the canes 
which had arrowed is almost ^ per ctnt. more than in the canes without arrows. 

Jansa* gives the following figures for juice obtained from I6C canes which 
had anowed and 163 which had not :•» 

Arrowed canes .. 19'3Brix 17*42 sucrose 90*25 purity. 

Non-arrowed canes 19*2 17*40 „ 90*62 ,, 

No difference could therefore be detected. 

All these experiments have been made with Bbck Java cane and for that 
variety they give fully corresponding results. With other varietu'S, however, 
arrowing appears to have a worse cffccl.as is shown in the following ex]>eriments 
by Van vioten.f 

He cut samples, each consisting of 50 stalks of each of the varieties Nos. 
36,100 and 247, one of cane which had flowercHl and one which had not. I'he 
former were shorter, lighter and yielded less sugar jwr 100 cane, as is shown 
in the tabic underneath. 


DVKTiptiOD of tbo MODpIC. 


as. Arrovod 
^ SO. NoQ^arrowed 
.247. Arrowed 
^ 247. Noo •arrowed 
100. Arrowed 
100 . Kon*arrowed 


It 


It 


iWdfiii lUnctal 
kf. •wetrt* 


K(. 

pe# 

fliHr* 


CtMUtuilea M tbt Jvk« 



I-T- 


Rrii. Quoi. 


I740^]0*42 
18-40, 

18-7iyi0*M} 180*84] 
10-4(^17*00 
21-3<>|2016 
21-60pa6 


Ykid <4 
5ui«r nu 
100 CaiHi 



From these figures he derives the conclusion that every 10 per cent, of 
arrowing canes in a field diminishes the sugar output by 400 pounds per acre. 


Fallen Cane*—When cane falls, the sucrose and the quotient of purity 
decrease considerably as is shown in the following %Daly$es, made at diferent 
periods, of a fallen and a standing canc. cut from ^ same stool in a field of 
healthy Black Java cane. The jeants are numbered from above downwards, 
after the white tops had been removedL 

• " Anfakf voor 4* Jm ?iilhiiiiiiliiinlt;* 
t/M., 1914. m 
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24tH March. • 



Tlie fallen cancs arc heavier and longer than the standing ones from the 
some stools. On the other hand, their sucrose and fibre contents are inferior* 
and their water and reducing sugar contents higher. These differences pdnt 
to unripeness in the fallen canes, which grow more rapidly, but ripen more 
slowly. * 

H. Atherton Im and F. M. Clara* measured the losses in actual sugar 
occurring during the interval between the cutting of cane tops for seed and the 
actual milling of the cane. The result oi this investigation was that the com¬ 
plete harvesting of the cane and the milling on the same day showed a polari¬ 
zation of 10 74 per ceat.,*witb a purity of 89*1. Allowing the same cane to 
stand one day after topping and then cutting, the polarization was found 


•-LouM»n» Pkm.** im, 1, 112. 
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19tb Ann.. 



No.oltte' 
Jointft. 11ft 


SrumMO Cavk. 


Rodu* Dry 
s«n-. JS: 


47-0 

601 



75*1 



23 

24—26 
26—27 
32—29 
SO—31 



1-6 

Id 

1*6 

3-9 

6.3 

6-2 

2-6 

2-9 

27 

9 

9*1 

9) 

9*4 

9-6 

9-6* 

2-2 

21 

9- 2 
9*2 
9-2 

10 - 1 
10-2 


3-66 : 
3-33 • 
3 66: 
3-62 ; 

I 3-33 ! 

12«74 : 
2-39 I 
2*22 
2*22 
ru 

M9 ; 
1-2I i 
1-90 
1 63 i 
1-43 ' 
147 
1*47 
1-23 
]*67 
1*60 
)*4S 
1*37 I 


I3-3 
13-6 
13*9 
15-9 
12-2 
203 
220 
21*3 
30*3 
200 
20*8 
19*6 
19 6 
20-6 
304 
201 
20*1 
20-2 
19-6 
197 
30'2 
21-4 


1-3 1 

4— 6 i 
I 6-7 

5— 9 

: 10—ii: 
ll2-13j 
14—15 
16—17( 
,12—19! 

:23—3si 
184—36’ 

1 29-«| 

'28—29j 
30—3]| 

'I 38 ' 


10 30*6 

8 46*7 

10 76*7 

11 91*2 
14*6 137*3 

so 

19 190 

18*6 179-3 
18 
17*2 
19-0 
19*6. 

I90| 

23 
30 
10 . 


264*6 2376-7 



Sugifl. 


2*02 

2-24 

3*74 

2*47 

2*32 




2*03 

1*74 

1-67 

1-87 

1*37 

M3 

1-3B 

M9 

1*06 

0-92 


14 
14*6 
16*8 
17*8 
120 
12*9 
19*7 
80*3 
83 1 
380 
232 
34*6 
•3 
•2 
*6 
*0 


Faua Ctfft. 


6—7 

#-10 

11—13 

14—16 

17—12 

19—20 

21—22 

28 

24 

26 


27—32 

29—30 

2l-r-23 



96*6 

It 133*6 { 1 
12 109 

17 163-6 { 13-3 

12 
11 

11*6 
2-6 
16 
16 
14 
16 


3-33 

3-84 

3-07 

2-47 

1*87 

1-67 

1-28 

1*10 

MO 

MO 

MO 


J4-0 

12-8 

200 

20*7 

21-2 

31*6 

32*9 

32-5 

23-5 

31-6 

23-8 

81*3 

31-8 

22- 9 
21*6 

23- 6 


1—4 

6— 7 1 
8—10 

11—13 
14—16 
17- -18 
19—20 
21—32 
33—84 
3^36 

7— 28 
29—301 
31—32 
33—34 

Rest 


9 

8 

7 

10 

12 

10-6 

12 

18 

19 

18 

16 

12 

16. 

16 i 
81 


St4lt»lli0 Cajis 


40-2; 3*1 
63 0 6*8 

61*6 2*4 

73*7 12-0 
9K*6 13*9 
9I«6 16-2 
112*0 16-1 
174*2 16-1 
196-6 15-0 
178-7 16*2 
202-2 15-7 
127-0 15-0 
141*0 16*0 
I 161-3 16*6 
86*6 


3*40 


1*63 
0-96 
0*99 
64 
0-04 
0*64 
0*76 
0-76 
0-82 
0-76 
0*76 


18-3 

23-0 

22-3 

26*6 

26-0 

26*8 

20*3 

30*7 

26*8 

26-2 

26*3 

26*0 

26*9 

27*3 
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to be 15*8 per cent., with a purity of 84T ; cane cut three days after topping 
sliowed ti polarization of 15*28 per cent, and a purity of 80*4 ; while the figures 
for the f<»urth day wen* 13*81 and 73*2 respectively. 

Deterioration of Cut Canes,—Canes which are kept for a long time, either 
in the Acid or under shelter, after being cut, deteriorate very rapidly; the 
sucrose bccomt's partially inverted and the reducing sugar content consequently 
increases, wliile the weight of the cane diminishes owing to the evaporation of 
water. Contrary to the view generally held, the addity of the juke does not 
augment during tho fjrst few days after cutting. 

Midler von Czemicky* reports experiments in which a few tons of canes 
were completely dug out and cleaned from adhering earth, just as is the custom 
in Java when harvesting cane. Tlicsc canes were tied into 12 bundles of 24 
each which were preserved indoors, and of which two bundles were analysed 
each day during six consecutive days. 


Dayt after the Cutting. i 

1 

1 0 

1 

1 

2 ' 

1 

' 3 

1 

4 

s 

1 

Brix 

21-2 

21*6 

;2i*7 : 

! 21*8 

; 22*3 

22*5 

Polarization 

19*93 : 

1 20-20 

20*26 1 

10-69 

19*07 

18*45 

Quotient of purity 

84*0 , 

' 83*5 1 

! 93*3 

90*3 

86*5 

: 82*0 

Reducing sugar 

0*3 

; 0 -3 

' 0*4 

1 0*8 

I 1*6 

1 2*1 

Available sugar 

15*7 

1 158 

1 

1 16*3 

14*5 

13*0 

12*0 

l,oss of weight in per cent. 

0 

1*1 

2*1 

1 

3-0 

! 3*9 

* 

{ 

1 

4*7 


The percentage of available sugar was calculated by assuming that 100 
parts of cane contain 84 parts of juice of a composition equal to that obtainid 
by the laboratory mill; and, farther, that the loss in weight is only due to 
evaporation of water, |hercfoFe the degrees Brix are the same for all the samples, 
and these arc a.«sumW to contain the same juice content. The available 
sugar is then calculated as being represented by the product of sucrose and 
quotient of purity divided by 100. 

Another parcel of canes which had lain in the field for 24 hours exposed to 
sunshine and afterwards kept indoors, gave the following figures 


* Arcbcl voor de Jm SeiketiodaMrie,** 1900. Oia 
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Dayi after removal trom field. 

0 

1 i 

2 

s 

1 

4 

1 

1 

t 

Degrees Brix 

21*5 

! 22*1 

22*4 

22*7 

: 23*0 

23*3 

Polarization 

20 35 

20*82 

' 19*30 

1 

18*17 1 

17*77 

17*29 

Quotient of purity 

946 

94*2 

86*4 1 

80-0 1 
1 

77*2 

1 74*2 

Reducing sugar .. ..; 

02 I 

0*3 

1*0 1 

1*9 1 

2*3 

4 


Available sugar 

16*2 ; 

16*0 

13*5 ] 

11*6 

10*8 1 

9*9 

Loss of weight per cent. .. 

0 ! 

i 

L.:. .i 

2*1 1 

1 

3*3 1 

1 

4*3 

6*4 

6*6 


Savornin Lohman* obtained similar results when analysing cam* which had 
been kept indoors for 24 hours, as compared with cane that had been left in the 
field during that time, and with cane just brought in. 


Conatituenta. 

Crtttbed 

immediately. 

Kept in tbe field 
lor %i houn. 

Kept indoon for 
24 boure. 

Brix. 

Polarisation 

Purity 

Available sugar 
Addity 

17*13 

14 63 

85*45 

13*64 

0*190 

1 ^ 

10*48 

13*54 

82*13 

12*30 

0*202 

16*89 

14*17 

83*90 

13*08 

0*200 


On calculating the available sugar to the same figures for degrees Brix, 
we find 13*64 per cent, for the canes crushed immediately, 12*88 per cent, 
for those kept out for 24 hours, and 13*27 per cent, for those kept indoors 


during that time, which means a loss per 24 hours on 100 parts of juice of 
mpectively 0*76 and 0*37, or on 100 parts of original available sugar of 5*67 
and 2*71 per cent. 

At the meetings of the Association of Advisers to the Java Sugar Industry 
of 1922 and 1923, the problem was discussed whether the new varieties have 
a. similar degree of deterioration after being cut as the canes which had been 
the subject of the afore-mentioned investigations. 

Xhe very important series of figures and data, brought forward on that 
occarion, ^owed that the new varieties planted nowadays in Java behave 
in ^etty much the same way as their predecessegS. 

The above figures were found in the tropics (Java), but it appears that in 
cooler cHmates deterioration is not so rapid, as is shown in H. Pellet’sf taUe 
of Egyptian cane given below. H. Pellet allowed cane to lie for a long time 
and analysed Samples from the heap at different dates during the month of 
Januaiy, 1896. 


1900. 1195 

t ** Etute tm U Chm 4 Svsa." ftf* 40. 
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» 


D^yt jLouoiV/dghtj Spee. Gr. of 
kept I ia per cent I thejuke^ 


0 

0 

1*0705 

4 

2*5 

1*0729 

7 

4*3 


11 

10*0 


15 

87 

1*074 


9*0 

1*076 

23 

12-5 

1-0756 

25 

15*0 

1*081 

27 

18-0 

1*084 

1 


i 


SncroM ia 
iOO Jaiee. 

iRadadag Sogai 
1 00 iOO Soonss. 

V Quotteat 
/ of Ptaitp, 
“• •“ •“ " 

135 

1 3*3 

88*5 

13*4 

4*17 

89*2 

13*6 

3*37 

88*1 

14*2 

3*80 

89*6 

13*7 

4*80 


14*3* 

8*10 

87*8 

1 

13*8 1 

3*70 

86*5 

14*7 

3*75 

87*1 

14*9 

4*60 

85*3 




In the comparatively hotter moDths of December and February the deterio¬ 
ration was much greater, without, however, approaching that shown in the Java 
instances. 


Pressrvatloil ot Oat Capes.—In conjunction with Went the author made • 
experiments* as to the practicability of preserving cat canes for a long time 
without their undergoing too great a change. They came to the conclusion 
that sound canes, kept out cd contact with each other and covered with moist 
sheets, remain unchanged for several days. But it should be stated that 
these experiments were only made in the laboratory, so that the results are 
not applicable to ordinary ccmditions where canes are stacked and stored in a 
much rougher way. 

A stool of Black Java cane, consistiiig of 10 stalks, was cut, two of the 
canes were inspected under the microscope and afterwards crushed; hall 
the remaining ei^t canes (portion A) were jdaced in a dry spot in the sunshine, 
while the other half (portion B) were cov er ed with moist sheets. After 1, 2, S> 
and 5 days respecrivdy, from every one of the two portions one stalk was 
inspected microscopically, then crushed and the juice analysed. The micro* 
scopical inspection showed that immediately after the cutting of the cane the 
parenchyma cells contained much sucrose and htUe reducing sugar. A day 
later a small increase in the reducing sugar content was to be observed in 
cane A but not in B. EvoQ after two or three days the B canes remained 
unchanged, while in those from A a good deal of reducing sugar could be 
detected, chiedy in those cells which were nearest to the perij^iery of the cane. 
At the end of the fifth day this decon^xwtion d sucrose had also readied the 
centre of the stalk, so that in the canes from A all the parenchyma cells con* 
tained conriderable quantities of reducing sugar; in B, co the contrary, only 
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a very slight difiereDce from the original state could be observed. We could 
only detect an accumulation ci reducing sugar in those cells of the B canes 
which were situated dose to the buds and to the sprouting rootlets. 

The analyses of the juice con^rmed the micro5co|Mcal tests. 



ImAadUteiy 

After 

After 

Alter 

After 

Constituents. 

i 

after. 

1 day. 

8 deya. 

3 days. 

a dayi. 

1 

1 

t 

A 

B 

* 1 

, A ; B 

1 1 

A 

B 1 

A 

B 

Sucrose .. 

207 

21*6 

Rfl 

210 

210 !21 0 

1 0-69' 0-36 

— 1 

204 

20 0 

196 

20*0 

Redudog Sugar 

0*13 

0*12 


0^22 

1*63 

036 

2*21 

0*66 

Purity . , 

93*7 : 

1 

... 

92*0 

^1 m m 1 

1 

93*3 

'928 ^93-1 

• A, ^ 

66 6 

1 

94*8 ' 

648 

1 

92*2 


Wladrowtng. —As long as the cells remain alive, the composition of the juice 
does not appreciably alter, but as soon as they die the reducing sugars increase 
at the cost of the sucrose. The chief caase of the death of the cells is the 
drying up of the cane. When we succeed in preventing the cut cane from 
drying (a very difficult problem in tro|»cal countries), or from fermenting, it 
may be kept for a long time befewe the juice deteriorates. In cooler climates 
the cane may be kept for a long time after catting by the practice known in 
Louisiana as *' wtndrowing.'' When there is cane in the held at the time that 
frost is expected, the standing canes arc cut, thrown between rows, and covered 
with cane trash to keep off the frost until they can be conveyed to the mill 
to be crushed. Stubbs* showed that, in windrowing, much sucrose is lost by 
inversion, so that the practice is only resorted to in order to avoid still larger 
l^ses by splitting ^ost. 

The following figures are given by Stubbs: cane cut 7tb November, 
windrowed till 13th December or daring 35 days, nfhximum temperature 
25*5^ C., fninjmum 3*3^ C, average 15^ f., rainfall 2*6 inches. 



Brix. 

1 

Sneroee. 


1 1 

; Otucoee 
Quotient. 

Available 

Sugar. 

Analysis on 7th November 
„ „ 13th December 

14*09 

14*26 

10*42 

9*02 

1 - 

i 1*94 
2*99 

i 73*96 
64-02 

18-6 

33-1 

7*70 

1 6*7? 


• ••Bgltalte 37, liMWiBi StMtos.** pi«e |2M> 
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0 

Cane cut November 22nd and windrowed till Januaty 2nd, or during 42 
days, maximum temperaturt 25'* C., minimum —6^ C., average 11*1* C., 
rainfall 4 inches. 


1 

Brix. 1 

1 

SoCTMC. 

1 

1 

1 

1 

Eedacing 

Sugar. 

Purity. 

« 1 

Glucow 

Quotient. 

Available 

Sugar. 

Analysis on 22nd November 
2nd January 

1 

14-22 

14-22 

' n 33 
10*40 

; 1 

1-60 

2-38 

[ 80-0 
73-1 

1 

14-1 

22-9 

9-06 

7-60 


Browne and Blouin* ascribe tliis gradual falling oS in sucrose content of 
canc which had been windrowed (or any length of time to spontaneous in¬ 
version by entymes from the upper end of the canc, for if the green tops are 
removt'd at the time of the cutting the loss of sucrose is much less. This can 
easily be seen in the following scries of experiments which were carried out at 


Audubon Park in 1903. Several lots of cancs were windrowed, one half of each 
lot having the tops removed. In all other respects the conditions of the experi¬ 
ments were alike. At the end of a month all tops were removed, the stalks 
from the different lots ground and the juices analysed with the following 


results 






! 

Briz. 

1 

Sucroae. 

Reducing 

Sugar. 

Lot 1. 

Windrowed with tops cut .. | 

16-1 

13*3 

1-25 


M 

as 

gg 

on 

15-9 

12-1 

1-85 

Ut2. 


gp 

gg 

cut 

15*8 

12-8 

1-22 


IP 

gp 

gg 

on . J 

164 

11-5 

1-53 

Lot 3. 

pi 

A ^ w 

gg 

cut . .1 

16-3 

1 

13-5 

1-25 



% 

pg 

gp 

on 

16-1 

12-6 

1-92 

I^t 4. 

fi 

gg 

gp 

cut * 

16-2 

! 13-7 

1-00 


9 $ 

gg 

g# 

cm 

15-8 

1 11-8 

1-85 

Lot 5. 


/g 

gp 

cut 

15-9 

1 12-8 

1-39 


pg 

pg 

i 

gg 

on 

! 15-0 

1 

10-7 

2-17 


Sfleot of Frost oci Ca&o.—The injurious effect c( frost on sugar cane is 
illustrated by the following exam^es reported by Stubbs^f On the S7th 
December, the canes were exposed to a sharp frost, and on the SStb Decmber 


• * Mnta 

t' BoUatB IrwWiB 
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ft] 

a few canes^were cut and analysed, the remainder being partly windrowed, 
and the balance left standing. The temperature was ^7*2^ C. on the 27th 
December, and it kept on freezang till 2nd Jaaiuary. The cane was cut on 
16th January. Thus after 20 days (maximuni tempcraluro 25'’ C., average 
8*4^ C.. rainfall 8 inches) the anafyscs of the juices were as follows 


% 

Bhx. 

Sucrose. 

Reducing 

Sugar. 

Purily. 

A vail Able 

Sugar. 

Analysis on 27th December 

14-91 

11-86 

1-42 ! 

79*5 

1 

U-42 

i6th January (windrowed) 

13*60 

9-09 

1 

3-65 

1 

60*9 

H 02 

16th Jan. (left standing) .. 

12 84 

ft-66 

1 

, 1 -ail ; 

67-5 

1 

6*84 

1 


Stubbs expresses the view that the frost killed the cane ci'Us, causing an 
intermixture of the different kinds of sap. which Uim decomposed. 

Effect of Flre«—The deterioration of cane occasioned by the death of the 
cells is still more rapid after a fire. When a canehcld is burnt, only tlie dry 
trash is actually consumed ; but the stalk itself is overhcatiMl, with the result 
that the cells die and the canc perishes. During the first days after a tire only 
a trifling change in the composition of the juice is noticeable, so that if the 
burnt canes are milled at once the quality of the juice is not much inferior 
to that of unbumt canes. The real drawback is not the actual loss of sucrose, 
but the necessity of crushing the burnt cancs at mice, which means a large 
pecuniary loss if the cancs are not yet ripe. In the examples given below, the 


1st day 
2nd 

bt „ 
8rd 

1 st 

ftnd „ 
»td „ 
1 st „ 
2iid „ 
Srd „ 


Black Java 



Seedling 

247 


..I SeedUng 71 


Brix. 

* 

' Polariaatioo. 

Purity. 

lH-3 1 

14-76 

806 

17-8 

14)5 

79-6 

17-3 

13-68 1 

79-1 

214 

19-91 

87-7 

21-3 

18-67 

77-3 

144 

1 * 10-95 1 

1 76-0 

13-2 

9-80 

1 74-2 

12-6 

9-18 

! 72-8 

17-3 

1404 

81-1 

17-2 

; 13-96 

81-2 

16-0 

i 12-32 

1 

i 

77-0 












FIRST PART 

THE RAW MATERIAL 




•i/'ci'V 
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Sototorj Fown of Redadng Siigm.—Tlte ioQowing table gives analy* 
tical data concerning the juice of hpe and nearly*hpc cane, in which the 
rotatory power of the reducing sugar is expressed in degrees Ventake. 



|1 i*i i! 

Is I S || 


P o ort onCw MjMla pi««0 
Top piece 
Bottemptoee 
Black Java Middle piece 
T«p pMw 
Botcea ball 
" •’ ’ Top bali 

Bvtiea half 
" " Tbphatf 

BotM baU 
** ** Top haU .. 

Bosto* kail 
Tkp kail 
Bectoa pMea 
MkldM pM 
Top pMee 

^ .. PlnilCiUJaica 

UUadjBlea 


11*7 
M*4 
tit 
19*9 
17*5 
22-5 
22 H 
I 22-07 
I 22 -71 
j 19-04 

20- 3I 

21 - 01 
1147 
IS-40 
197 
19-2 
104 
114 
19-1 
19-1 
194 
17-9 


71-9 ^21-1 
69-1 -^-9 
444 -14-7 
60 1 -184 
64-1 —14-5 
10 -2 *114 
484 -11-9 
29-8 —104 
»-1 *214 

84-2 -24-2 

> ^4 89-1 
92-4 -M4 92-2 
78-21 —224 78-1 

80 -1 *214 807 
827 -21-4 83 4 
09 5 -19-8 494 
47-2 *187 47*1 

*204 707 
47-9 I -19-25 67-7 
—114 48-7 

81 < 81-4 

49-1 -184 68-8 
68-4 -16-2 69-2 
704 —204 704 
64-5 -18-5 45 4 


72-4 
7D-S 
44-5 
61-2 
55-2 
12-2 
48-1 
11-S 
75-9 
66-4 
16-2 
92-9 
89-1 
92-2 
78-1 
807 
83 4 
494 
47-1 
707 


-0-44 
1-17 


2 

^•1 

-0-4 

-4-1 

-4-1 

- 0-1 

- 0-2 

-4-2 

* 0-2 

-04 

-4-3 

-4 8 

- 0-1 

-0*5 




1*27 

I'M 

2-10 

1- 42 
I *61 

2 - 10 
2-20 
142 
0-67 
145 


1-44 

1-14 

1- 41 

2- 19 
240 

1- 42 

2- n 
1-22 
I'46 




17-57 
1746 
n-44 
14-91 
11-52 
8-02 
M-88 
7-85 
II -25 
14-11 

20- 52 
22-11 

21- 30 
21 -94 
10-82 
19-41 
19-88 
16-86 
16-22 
1642 
16-21 
tl 88 
14-86 


0-76 

0-71 

1-17 

0-72 

0-97 

1-27 

1- 41 

2 - 11 
0-14 
0-57 
0-15 
0-25 
0-25 




i 


54 
» 
0-46 
0-71 
141 
041 
1-06 
1-59 
-ID 
0-92 
1-45 
0-79 


0-51 
0-61 
141 
-60 
'-64 
•01 
0 77 
041 
0-51 
0-58 
0-15 
O'lO 
0-12 
0-07 
0-29 



From the rotations at a temperature of 28^ (giufose = 80 and fructose 
» — 1S4), the proportions of the two reducing sugars may be calcuiatcd from 
tbdr totid quantity and the rotation of the mixture. 


As a rule the ripest cane contains the smallest percentage of fructose, though 
it must here be explained that these figures possess only relative values, since 
the slightest deviation in temperature or error irf polariscopic reading is suf¬ 
ficient, when so small a quantity is under consideration, to influence the result 
couaiderably. A diflerence of 0*1^ in the reading is sufficient, in some cases, to 
change a positive rotatory power into a negative one, so that the figures given 
in the preceding table sboi^ not be regarded as rigidly accurate. 
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I 


1 

Fibre Coolani of Dlllmnt Firts.—The fibre content in the different parts 
of the cane varies considerably; not only do the bottom joints contain more 
fibre than the middle and upper ones, as is dearly shown by the many analyses 
on page 66 and foUowing, but in the same joint the fibre content varies con- 
aiderabiy according to the larger or smaller percentage of fibrovascular bundles 
and parenchyma cells whicli are present in the different p>arts. 

Winter* separated, as far as possible, the hard fibrovascular bundles from 
the soft pith of the cane, which had previously been skinned, and ascertained 
the weight of both constituents; but he admitted that the separation was by 
no means complete. 


1 

1 

Socroae. 

Fibn. ' 

1 

Juke. 

8ucrae ia 
100 Jttira. 

1 

[Fibrovascular bundles .. 

16*63 

14-S2 


18*22 

Parenchyma cells 

1668 

5-00 


19 87 

A 

Fibrovascular bundles .. 

15-47 

11-75 


17-53 

Z 

Parenchyma cells ..i 

16-29 

4-50 


20 20 

3 

1 Fibrovascular bundles .. 

14-04 

12-28 

87-72 

16-01 

Parenchyma cells 

17-40 

441 

86-69 

18-20 

4 

Fibrovascular bundles • • i 

6-63 

1 OOO 

9100 

10 80 

1 Parenchyma cells 

11-11 

4-20 

05-80 

11-60 

6 

1 Fibrovascular bundles . 

14-54 

0-17 

90-83 

leoi 

[ Parenchyma cells 

16-15 

4-00 

96-00 

16-82 


In a second series with ripe and unripe cane the purity of the juice was 


also determined. 



C&NB. 


jutev. 




1 ! 

1 

1 

1 

1 

-1 


1 1 

1. 

1 

1 ^ 

M 

41 : 

i 


Fibrovascular bundles . 

14-54 

9-17 

rPBfjfW 

i 1 

2-79154-97: 


19-08 

m 

98-91 

Psrtnchyms 

14-VI 

4-00 

90-50 


l-e7|74-Ol' 

16-82 

16-56 

1-74 

rjjijU 

FSbrovsecolar bundles 

11-55 

9-51 

1 

90-891 


1-90(50-09 

12-79 

14-99 



Parsnehyms 

18-24 

4-85 

run 

19-04 

1-65 


18-79 


1 1-58 

99-75 

Pibrovsiculsr bundles . 

10-M 

18-57 

97-43 


1-09 

42-92 

u-se. 

14'95 

1 8-89 

94-01 

Parenchyma 

11-00 

5-75 

94-84 

19*70 

1-94 

69-98 

lt-67i 

1 

18-79 

' 8-05 

95-00 
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THE CONSTITUENTS OF THE SUGAK CANE 

• 

BufM^trve Sap Ifl FlbmaMuUr BoodlM.— Winter remarks that the iibro 
vascular part ol the cane contains so little sugar that he firmly believes the 
bundles to be totally sugar>£ree, which is in accord with the fact mentioned 
by the same investigator that the watery drops which oose out from the aids 
of cane stalks while these are bang crushed in the factory mills contain no 
sugar and only a little starch and salts. Went observes that although the 
fibrovascular bundles are the channeb by which the sugar is conducted through 
the stalk, yet it is not altogether surpri^ng that they contain a sugar less sap, 
since the sugars arc transported in so dilute a solution a.s not to be d<>tected 
by the usual analysis. 

DUrereooe In Fibre Content of a Single Joint.— 'Winter found a great differ¬ 
ence in composition in various parts of the same joint, according as they 
belonged to the rind, the periphery, or the centre of the intemode The joiote 
of a cane were cut from the stalk with a saw and the nodes separated, so that 
only the intemodes were examined. A cylindrical piece, 1*6 cm. in diameter, 
was cut out from the middle of each intemode in a longitudinal direction by 
means of a cork-borer to represent the '* centre." The remainder, after being 
peeled, served to represent the " periphery," whilst the " rind " was cut into 
pieces not over 1 nun. thick with scissMs. 



SOCJIOSB. 

FlBSB. 

JtncB. 

1 

SvcBOSB nr 
Juics. 

1 Centre . 

17*6 

4*46 

96*64 

18*42 

1 { Periphery 

16*5 

6*i6 

92*86 

19*92 

^ Rind . 

1 9*6 

25*31 

74*69 

12*86 

f Centre . 

1 15*0 

367 

96*43 ! 

15 56 

Periphery 

14-e 

6*46 

1 

93 56 1 

1561 

1 Rind . 


1 

29*29 1 

70*71 

— 

f Centre 

19*2 

4*72 ! 

95*28 

A 

20*16 

3^ Periphery 

10-0 

9*29 

90*71 : 

20*95 

1 Rind . 

6*99 

41*75 

58*26 

10*28 

’ f Centre 

17*6 

4*68 

96*32 

18*46 

4 \ Periphery 

17 1 

8*60 

91*40 

18*71 

1 Rind . 

6*21 

46*11 

1 

♦ 

63*89 1 

1 

9 67 
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t 


« 

Winter also ascertained the fibre content oi the intemodes and the nodes 
belonging to them, in which case the piece of the stalk 1*5 cm. on either side 
of the axis of tike leaf was considered to be the node. 



Sucaota. 

1 

Fmaa. 

JOICB. 

Suciosi IM 
JUJCB. 

a 

[ Nodes 

15*6 

1 16*46 1 

83*54 

18*65 

1 

Intcrnodcs 

17*6 

1 11*69 

88*31 

19*82. 


Nodes . 

16*7 

1 11-02 i 

8838 

17*76 


Intcrnodcs .. 

17*6 1 

915 ! 

90*85 

19*26 


Nodes . 

13*8 

17-77 

82*23 

16*78 

3 * 

1 

Intemodes 

16*9 

11-02 

88*98 

18*99 

A 

Nodes . 

17*5 

1881 

81*69 

21*42 

4^ 

Intemodes 

19*1 

11-52 

88*48 

21*59 

j 

Nodes . 

13*4 

16*51 

83*49 

16*06 

(Internodes 

16*4 

1 

1002 

! 

89*98 

18*23 


lieeson* investigated the composition of nodes and joints of the difierent 
parts of the stalk, and obtained the following data:— 


1 

1 

1 

1 

• 

8 

9 

W 

1 1 

1_1 

1 

V) 

lil 

PS 1 

1 

1 

• 

l 

? 

1 

8 

3 . 

Top end 

[Nodes 

IS 

11*30 

0*10 

73*9 

3*82 

1*60 


Intemodes .. 

ill 

14-30 

1*26 

84*6 

1-35 

8*37 

8*60 

Middle .. 

Nodes^ 

Tstemodes .. 

16*7 

17-7 

13*7 

160 

0*07 
0*98 ' 

820 

90*4 

2-90 

0*72 

0*67 

6-13 

16*90 

8*00 

Bottom cod -1 

Nodes 

15*7 

12*8 

0*16 

81*5 

2*76 

M7 

18*28 

Intemodes . . 

17*7 

16-4 

0*61 

92-6 

0-69 

1 

3-78 

800 


The nodes and the ridd contain the largest percentage of fibre, the older 
parts more so than the younger ones. Winter, as well as Beeson, Boxi&ine,t and 
Pellet^ observe that the hardest parts yield the least pure juice, sHiile the 
latter two also mentioo that the hard rind contains the most impure juice, rich 
in reducing sugars and darkly coloured. 
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NoSl Deerr* examined a number of cane varieties grown in the Hawaiian 
Islands and went to work as follows:— 

4 

He divided the cane into (nth and rind and node. Thus tlie cane under ' 
analyds was Erst separated into; node and intemode by sawing through the 
node, the datum mark he adopted being the outer line of the ^onu of adven¬ 
titious roots and a corresponding distance on the other side. Tlic portion thus 
obtained formed the material analysed as the node. The rind was not separated 
from the node, so that this portion consisted mainly of rind, fibrovascular 
bundles, and some pith. The other part consisting of the intemode was stripped 
of the rind. On examining a clean-cut cane, a fairly sharp line of demarcation 
between pith and rind could be found and the rind wa.s stripped off as nearly 
as possible through this line; this portion formed the rind, the remainder 
being analysed as pith. The separate portions weighed and analysed as 
regards .moisture, hbre. solids and sugar. The moisture wa« determined by 
drying In an air-bath at 100^ C., the soluble solids and the sugar by extraction 
in a Soxhlet apparatus and evaporation of the extract, which afterwards was 
filled up to a given volume, in which solution the dry substance was found by 
means of the refractometer and the sucrose by polarization : the fibre wa.^ not 
determined in a direct way but found indirectly. The figures arc tabulated 
on next page 

On examining the results it appears that that part of the cane which has 
been taken as representative of the node is intermediate in composition between 
the parts representative of the parenchyma and rind tissue; and in a very 
rou{^ sense it may be conridcred as composed of those parts which go to make 
up the parenchyma and rind tissues. It is then permissible to regard the cane 
as consisting of a soft interior portion made up of a low proportion of spongy, 
absorbent fibre, and a juice of a bi^er sugar content and purity, and of a bard 
Aer portion containing a large proportion of a resistant non-absorbent fibre 
and a juice of low sugar content and low purity. Dividing the part called 
'* node '* equally between the pith and the rind tissue, the average composition 
of the canes fonniug the ba^s of the experiments referred to here will be as 
giyen on page 99. 


Bidtetld Kft. 90, HawiIUo SuUm. 94. ** 1a(. S«ctr 1910.9W, 499. 
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1 

Cooftlituattoi 

1 

Ham 

Bftttteo. 

YeUeir 

CaladoniA 

1 

i iihript 

1 

1 LsbBtoA* 

Ydhm 

CiWoele 


H 

Weight on 100 cant .. 

! 100>00 ' 

100-00 

100-00 

i 100-00 

loo-od 


X 

< 

Juke. 

^ 87>i2 : 

84-91 

mSdM 

88-40 

84-45 


(J 

Fibre. .. 

lS-88 

15-09 

13-75 

: 11-50 

15-55 


1 

Solid! .. 

14*70 

15-83 

16-08 

' 20-10 

17-92 


0 

ai 

Sucrooe . 

13*t5 

13-04 

18-28 

I 18-14 

15-86 

8' 

SJ 


Water. 

72*12 

69-08 

70-22 

58-30 

96-58 

< 

Weight oo 100 cane 

?4-2g 

69-90 

72-45 

61-77 

67-16 

a 

1 

Joke. 

^ 01»0 1 

90-43 

90-11 

94-78 

91-20 


Fibre. 

8*10 1 

9-57 

9-89 

6-22 

8-80 


■ 

SoUds. 

; 15*93 ' 

17-34 

17-45 

i 22-21 

19 92 


5 

Sucn»e . 

' 14-80 1 

15-09 

16-11 

21-11 

17-62 


la. 

Water. 

75*97 

78-09 

72-96 1 

72-57 

71-90 


• 

Weight on 100 ease 

Juke. 

[ 9-57 

9211 

15-27 

55-92 

12-28 

72-78 

14-34 

59-98 

15-80 

54-92 


Q 

Fibre. 

1 

: 87 89 

34-71 

27-27 

80-02 

85-08 



Solids. .. 

1 9-38 

n-52 

11-54 

15-40 

18-87 



Sucroee . 

^ 9-46 

7-44 

7-50 

IMO 

10-00 

e 

. - 


Water.. 

52-73 

68-77 

51-19 

57-58 

51-05 

«d 

V 


Weight on 100 case 

19-16 

17-88 , 

16-27 

23-89 

17-05 

5 


Juke. 

79-98 


’78-78 

82-80 

75-97 


« 

A 

Fibre. 

20-02 

19-90 

21-22 

i 17-20 

24-08 


0 

V 

Solid*.. .. . > ... 

12-22 

13-99 

12-88 

17-43 

15-07 



SacroM .. .. 1 

10-14 

1 10-n 

9-22 

14-52 

n-88 


, 

Wattt.I 

1 

1 

97-79 

99-54 

56-90 

65-87 

50-90 


Titu constitution of the juice contained in the diSerent parts of the cane 
was calculated in the foUowing way 


h. 

e 

u 

w 

5 


SI 

c 

I 

I 

I 


I 




I 




CoBsUtetnv. 

Rom 

Iteffbee. 

Yfl^ 

Cebtek 



Yeittw 

Weight on 100 cane.. 

87-12 

84-91* 

85-25 

88-40 1 

84-46 

Solids • • • • .. 

16-87 

19-68 

18-69 

22-72 1 

91-22 

Sucrose • .* .. .. | 

1 15-22 

16-25 

i 15-89 


18-29 

Quotient .. .. • J 

' 90-22 ; 

88-94 1 

i 82-79 

90-32 : 

86-71 

Weight on 100 cane.. .. 

! 68-22 

50-49 

; 65-40 I 


51-24 

Solids. 

17-33 

19-17 

; 19-87 ; 

23-43 

21-40 

Sucrose . 

16-10 

15-85 

16-75 1 

22-27 

19-20 

Quotient 

92-90 

86-85 

86-63 

95-05 

69-29 

Weight on 100 cane.. 

9*04 

10-06 

8-91 

10-00 

10-29 

Solids .. .. A 

15-08 

17-41 

1 16-87 

22-00 

21-87 

Sucrose ., .. ., 

10-40 

11-29 

! 10-30 ! 

15-89 

16-40 

Quotient . 

00-10 

64-85 

64-91 

72-09 

72-10 

Weight on 100 cane.. 

12-82 

14-86 

11-85 

19-78 

TTTI 

SoUds .. .. . • •. 

15-28 

17-24 

16-29 

21-05 

19-88 

Sucrose . 

12-98 

12-77 

11-70 

17-96 

16-6t 

Quotient .« .. 

82-98 

74*07 ; 

1 

71-81 

83-50 

78-50 



















































THE CONSTITUENTS OF THE SUGAR CANE i)9 


• 

Whole Cane. 

Weight per 100 cane .. 100*00 
Fibre pex cent. .. 13*7 

Solids .. .• 17‘1 

Sucrose 
Soft Part. 

Wright per 100 cane .. 770 
Fibre per cent. .. S-0 

Solids „ .. .. 1S'.> 

Sucrose „ • • 10*7 

Hard Part. 

Weight per 100 cane. .. 23*0 

Fibre percent. .. 321*0 

Solids .123 

Sucrose „ .. .. H-Ct 


JOICB- 


Weight per 100 cane 

.. 86*3 

Solids per cent. •. 

.. 19*8 

Sucrose 

.. 17*1 

Purity M 

.. 86*4 

Juice. 

Wright per 100 cang 

.. 70*8 

S4^id.s per cent. .. 

.. 20*2 

Sucrose „ 

.. 18*5 

Purity ., 

. . IK)*3 

JuiCK. 

Wright piT lUO caru* 

15*6 

Solkls per cent. .. 

.. 18*3 

SucnMc 

.. 12*7 

Purity „ 

.. 6(11 


Fibre Content of Pith Bundles and Rind.- -According to Browne * llic pith 
ocettptef; 70 per cent of the volume of the cane, but its fibre content is so Utile 
that it does not amount to more than 25 per cent, of the whole quantity of 
dry fibre. A mechanical separation of the tissues of the cone from one another 
gave the following percentage composition. The analyses wort* performi‘(l 
upon a mature stalk of the Louisiana Purple cane. 

Pith. Bundles. RinO. 

Per cent. Per cent. Per cent. 

Whole cane (thrus analyses) .. 2*31) 1 *81 .. A*5l 

Dry fibre.24 fW .. 18*61) .. 56*74 


The following figures were found for ajinc very common Java varieties:— 



I CberibuQ. No. 30. No. 100. ! No. 139. No. 247. 


Pith 

25 6 

20*0 J 

22*82 

200 

200 

Bundles .. 

31*5 

26*5 ' 

25-37 

1 

! 35*97 

■u 

Rind 

429 

53-5 

51*81 

4403 

1 

■ 


From a physical point of view these fibres show a distinctly marked differ* 
ence. The rind and the bundles are woody, while the pith consists of thin* 
walled cells. The difference in water-absorbing power is very considerable. 
The bundles only absorb five times their weight of water, whereas the fibre 
from the parenchyma absorbs as much as 30 times Its own weight. 


• Babtto No. II?. LgoMioa Bxp. SUtfoo. 
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I 

As the chemical composition of the fibre does not vary very much. It is 
mainly its physical condition which accounts for the observed differences in 
the water-absorbing power of the bagasse of the different cane varieties. 


Constituents. 

Fibve froD the 
Pith. 

Fibre from ^ 
Bundles. 

Fibre ffojaa the 
Rind. 

CelluKiSC .' 

49*00 

60*00 


Pentosan 

32 04 

28*67 

20-93 

Albuminoids 

1*94 

2*00 

M9 

C'ane wax and fat .. .. 

0*41 

0*72 

0-98 

Ash •. . * 

1*68 

3*68 

1*64 

Lignin (by difference) 

14 93 


17*17 


Pentosan In the Juice.—Kazewinkel and Langguth Steuerwald* found the 
pentosan content in the juice to iucrcase In proportion to the time elapsing 
b<'twccn the cutting and the grinding of the cane. 


Variety. 

PSNTOSAK OH 100 PARTS OF SOLIDS IN RaW JUICt ON GRIKDIKC 
THi Cans 1—6 Days Arm its bsimo cut. 

1 

3 

8 

0 

No. 100 


0-22 


0*36 

No. 100 

0*25 

0*30 

0*38 

V 

No. 247 

0*23 

1 

0*27 

0*29 

4 


Nitrogenous Bodies.—According to van Lookeren Campagne^f cane juice 
contains an average of 0*07 per cent, of albuminoids^ consisting of two kinds, 
one of which is coagulated by heat and lime and amounts to 80 per cent, of 
the t<»tal quantity, whilst the other remains in solution after liming and boiling, 
rurtliermore, tlie juice contains the same amount of other nitrogenous bodies, 
chiefly amino adds. After heavy crashing, the resulting juice contains more 
albumin than alter moderate crushing. 

The nitrogenous bodies are not distributed evenly throughout the stalk, 
the work of Beeson having shown a larger accnmulation of albuminoids in the 


•"Ul. Ifll. M 

t'*AnWif fow at \m. w. 
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nodes and of amides in the mtemodes, which accounts for the hi|^er percentage 
of albuminoids in juice extracted by heavy mills, since these are able to crush 
the hard nodes also. 

Albomio^ Amide Totai 

Nitregeo. Nitrogen. Nitrogen. 

Nodes .0*1778 .. 0*0051 .. 0*1820 

Intemodes. 0-0659 .. 0-0258 .. 0-O817 

Mineral Hatten (Ash) In Cane. —As already stated the nuDeral matter 
occupies a rather subordinate place in the quantitative composition of the 
cane. We have already given the inorganic constituents of the whole cane 
and of the fibre, and now include in the tabic on next page those of the juices 
of different cane varieties. 

lime. Magnet. Soda. Potash. —Calcium phospliate is very prominent 
among the inorganic elements of the cane, but the amount of lime otherwise 
combined is not considcrabk. Magnesia is also always present but only in 
small proportions even when the cane is grown on .^t land. If the soil contains 
sodium sulphate, or sodium, calcium, or magnesium clilorides, these salts act 
on the potash silicates of the soil in such a manner that potash is liberated 
and rendered available to the canc. Tins is the reason why potash is about 
the only alkali base in the cane, unless the soil is quite destitute of potash and 
rich in sodium chloride. In such a case the canc is compelled to absorb sodium 
chloride, but does not thrive and soon dies. The juice of such a cane gave the 
following figures calculated on the weight of 460 grms. of canc and on 100 parts 
of the cane. 


Soda 


4 4 

1*016 grm. in 

ptT cent. 

0*221 

Potash . . 

4 • 

4 4 

0*199 

M 


0*043 

Lime 

9 9 

# 9 

0 858 

$$ 

PI 

0078 

Magnesia 

. 4 

4 • 

0*146 

>1 IP 

4p 

0*032 

Sulphuric add.. 

9 9 

• 4 

0*680 

IP (r 

• 

rp 

0*147 

Phosphoric add 

4 ^ 

> « 

0-107 



0*023 

Carbonic add . . 



0*295 

f 4# 


0 064 

Silica .. 

4 4 

4 4 

0-915 

IS u 


0 199 

Chlorine 

• • 

« e 

0*870 

♦4 PP 

9$ 

0*190 




4*m 

• 


0-997 

Subtract oxygen 

equivalent 

to 




chlorine 

9 4 

e e 

0*196 

8# H 

4P 

0*043 
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Wfioopfiimo 

4 9 

Df4ilb«noc 

AMOb«g«« 


KfBt)9n| .. . 
I ' jfrwo dt dt 

4t 

KdrdDpAewpeof 

U«Upr«lvi8 


K<4nlOc) 

W4MU 

*• 

»wJho«o 

KanlcW' 


Vimry. 


ChtftbCBi 
Ko.247 
Cb^ribon 
No. 105.. 
Loudec^ ! 
No. 105 . ^ 
G. Z. A. 



'I .. 

bon 
16 .. 

42.. 

').i.. 

■H .. 

46.. 
)5 . 

47.. 


i 

1 


a 


21*51 ’ 
1017 [ 
204 
J>7 
lOO 
106 r 
151 I 


0VI2 
10101 
0062 
7636 
6010 
11-02 
7002 


17-7 61 


Olio 
0131 
0169 
0767 
0521 
0776 
0230 
0342 
0297 
027 


0035 004 



15-37 
11-16 
! 1665 
15-66 


61- 11610540 
67-36 ^0)49 
003 (0517 

62- 5 I 0252 

275 


00221 0032 
-042 
-064 

060 j 0070 
020 0037 
0042 0064 
0016 0063 
0371 
0057 


00441 OOD) 


0136 

0029 


ifTiini 


0014 


00 
0026! 


00)3 


i I.. 




0011 

0019 

0009 



0003 

0002 

0009 

0172 

0111 

0161 

0005 



0241 


0015 


6-OM 
0004 
004710005 



or 9 

0-025 

0163 

9025 

015) 

0-040 

90931 

0065 

0-037 

0D64 

0036 
1 OlOO 

0024 

IHII0' 

10-065 

1 0006 

0029; 

|OOM 

1 


1 VI r 

1 

1 ^ 

0-061 

00761 


0040 

0-024 

iooo 

1 0003 

0057 

0017 



0036 

0006 

0039 

.0006 

0-074 

OOlO 

0-036 

0013 


a hh 

^ III! 


0011 
0011 
0011 
0025 
0016 
0034 
OOOl 
0013 

0017 5-7 
0-064 03 
0-060 lOO 
0084 n-2 
0040 6-9 
0017 3-2 
0-024 7-0 
0025 4-8 
0-016 7-2 

094 0016 6-6 

113 0016 3 8 
125 0043 102 
045 0 009 4-5 
052 0021 12-6 
0099 0034 11-9 
0054 OOOe 4-3 




0013 5*5 
0050 12-7 
OOI0 05 
0014 7-2 
0057 0017 7-9 


Inorganio Acids.—If. on the contrary, the soil contains suflident potasli, 
the cane does not ab.^rb soda, but much monr potash than if no sodium 
had been prt^sent. Lime and magneda salts also have the property uf liberating 
potash from the siliQites and putting it at the disposal of the cane. The cane 
al>sorbs those salts also, but more lime than magnesia. Cane first requires 
lK)ta5h. and only in a minor degree lime and magnesia, and, lastly, soda in the 
total absc^nce of other aUcali salts; but this latter constituent can by no means 
take the place of potash in the nutrition of the cane. When much potash is 
absorbed, the cane ash contains also much chlorine and sulphate, as that base 
is chiefly combined withdnOTganic salts in the juice. The figure for organic 
acids combined with bases, which is indicated by that for carbonic add in the 
juice, docs not rise accordingly. 

SiUea.'^Ch. Muller* has found certain coUddal organic combinations of 
silica to occur in juke of cane grown under spedal conditions. These vIkouh 


Suitr JcvAAl/* 1921. 579. 
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bodies whidf constitute a great impediment in clarification may by heating 
the juice to a temperature of 116^ C. be split up into silica and the organic 
rest which is coagulated by the action of the high temperature. 


Influenes of Soil on luorgaoie ConsUtuents.—The quantity and quality of 
the inorganic constituents of the canc depend largely on the character of the 
soil. A salt soil causes much more inorganic substance to enter into the coni' 
position of the cane than a non-saiinc one, ha is clearly shown by the following 
analyses of cane planted in pots and watered with dilute solutions of various 
salts. The figures represent miDigrams of every cutistituent on 100 grms, of 
juice. 



m*ri2S*lbs7-4*3S0'0*S67<i 


U7 0,147t« 
2S6S;4OS0{ 
4444 SS60 

' sa ol 3S-r 


02 0: G6 0 


10*4! sa*4 


S3A 12*8 
18-b| 8-S 
272-li 10*5 
17 0 46 0' 
884-8 U7*l 
5*9 S-l 




iDtolaUe Ash 
Soluble Ash 
Total Ash.. 


SiO 


p,o. 


F,0,+ALO, 


• rbe KiUiUr pvt si (hr sli H Ni^ VIII. n. 


iluduff wiAlytn. 


Influense of Ago od Ash Content.'-Rmiume’s invci^igationsf proved that 
the same cane possesses varying amounts of inorganic sui>stAnccs in the differ¬ 
ent periods of its growth. The dates of the analyses of whole cancs. deprived 
of the leaves, are recorded below. 


It also follows from the analyses of Browne, on page 92, that if the ash 
content ai cane is not high, it docs not decrease mudh during ripening. A certain 
decrease will always take place, since, during the ripening process, potash, 
soda; and chlorine are transferred from the cane into the leaves, therefore 
. green contain the latest amount ot ash of any part of the cane. 


t * riirr AmmI 4i h SbC^ 4a rib 4t ItelBi.*' ISIS 

H 
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CuusHtuents. 

eth 

eth 

dth 

6th 

eth 

6tlt 


] 

June. 

July. 

August. 

Sept. 

October. 

Silica 

0*805 

1*373 

0*824 

0-913 

0*830 

1*024 

Chlorine. 

0*074 

0*002 

0-018 

0*010 

0-007 

0*012 

Sulphuric Add 

0 135 

0*200 

0*121 

0*167 

0*142 

0*173 

Phos^oric Add .. 

0*104 

0*155 

0*078 

0*076 

0*070 

0*110 

Lime . • 

0 115 ! 

1 

0*205 

0*115 

0*136 


0*168 

Magnesia. 

0*154 

0255 

0*170 

0*158 

figWB 

0*133 

Potash .. .. 

0*687 

0*803 

0*250 

0*208 

0*181 

0*387 

Soda . 

0*026 

0-017 1 

0*008 

0*006 

0*008 

O-OLI 

Iron Oxide .. 

! 0*040 

1 

0*050 i 

1 

0*020 

0*029 

0*015 

0*024 

Total . • 

2 146 

1 3-21U 

1*604 

1*702 

1*521 

2*032 


Browne gives the lohowing results of unripe cane, which he divided into 
sections, and crushed, and the juice of which he analysed 


CoTMlitueats. 

C*rcm Tops 
cut in the 
Morning. 

1 

1 

1 

Green Topfi! 
cut in the 1 
Eveoiflg. 

1 

Green 

Top 

Joints. 

Middle 

Joints. 

Bottom 

Joints, 

Brix . 

5*09 ' 

6*77 

5-06 

8*79 

12*65 

Sucrose .. 

i 0*54 

094 

0*76 

4*12 

8*93 

Glucose. 

' 0*86 

! 0*63 

1*81 

2*07 

1*83 

Fructose .. 

0*77 

0-69 

1*70 

1-82 

1*23 

Asii .. . • 

1*24 

1 1*42 

0*60 

0*37 


Free Acids 

0*27 

1 

027 

0*18 

o*oe 

0*07 

Combined Acids 

0-64 

0*62 

0*36 

0*18 

0*14 

Albuminoids 

0*18 

1 0*15 

0*07 

0*08 

0-08 

Glims. 

0*17 

1 

1 0*30 

0*15 

0*11 

0-05 

Purity 

; 10*60 

1 16*29 

15-02 

i 46*87 

70*59 

Glucose ratio 

301 *86 

1 

1 137*23 

461-84 

94*41 

1 

34*26 




The author has also analysed juice of ripe and unripe cases, which he divided 
into three parts, crushed, and analysed the juices, as under:— 
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CooKUiubB. 




Brix 
SocroM 

Redudag mgan .. 
Quotient of purity 
AAb 

Solable uli 
Potstb 
Sulphuric add . • 
Chlorine .. 

Carbonic ndd in the eeh 


4 4 


4 4 


I 


Veflpt Car* fros i 
FWd witb PwUy 


Tbp. 


119 

7«47 

3*40 

693 


MldAe. 


13-5 
10*44 111-67 


BMtoa 


143 


Ripe Cm from a 
FU4 •ith Hi|h 


Rim Cana hm ■ 
flaki witb U« Pwltf. 


Top. Hkldlo 


,t)0Uea.; Top. 


90*3 
18*96 

3*34 3-06 { 0-50 
74*0 78-1 193-4 

j ootdetmnioed iL*” 

0*119.0-073 ;0*063 !o-OA3 

10-037 
:0030 
0-003 


I 


not detennioed 


( 


'30*48 

19-61 

036 

96-36 

*0-141 

0*087 

0*038 

0-017 

10019 

0001 


30-37 
19-30 
0-36 
96-30 
,0-168 
.k)-08l 

047 
030 
10*016 
0-001 




17-8 
16-06 
not 
,84-56 
;0-300 
|0194 
{0-106 
|0-078 
(0-008 
•003 




19-6 19-8 

17-91 17*63 
de tenoi ned. 
91-38 i90*78 


8eue& 


r 


0-367 

0-193 

0-104 

0-077 

b-010 

Kl-008 


0*378 

0-304 

0-109 

0-081 

0-011 

0-008 


CbsQfOi In Inorftnle Matter dorio^ Ripening.—The variationa in the in> 
organic constituents during the ripening are jshown by the following scries of 
cane juices, from the same Acids, which were extracted and analysed at various 
stages of maturity 


PoERWODADi Estate 


CMrboo (BM Cm, pboud Jolp lit, 


ISMdhnf No. 247. pluud Jdp iStb, I90S> 


Itotr fit thr Aoii^fMi. 


CmOtofloti. 


9U 

P«b.. 

1404 


Polarisation 

Purity 

Redudfig sugars .. 

Ash 

Insoluble ash 
Soluble ash 
Potash 

Carbonic acid in the aih 
Sulphuric add 
Chloriae 



4lh 

1906. 


18-0 
11-80 
78-70 
3-33 
0*306i 


l^th I 20U» I 4tb 
April, I JtMte. 

1906. 190a ! 1406. 

- ' - [ - 


16*8 jlO* 
13-74 -18 
84*30 93* 
1-18 I O' 
0 - 334 ' 0' 


0-069 0-099| O-OOSj 0 



4ih lltb 
H«r«b.. April. 
1406. j 1406. 


18-0 ^18-0 ,13 
7-18 I 9-04 10 
69-4 169-8 ^0 
3-30 I 8-93 { 1 
0-39^ 0-304, 0 
0-089j 0-1331 0 
0-2l0j 0-l7li 0 
019(N 0-091: 0 
0-0171 0-0U6| 

0 
0 


2016 

Juoe. 

1406. 


lltb 

Nr. 


7 16-60 

46 14-04 
26 M-61 
51 1-53 

•207 0-81 
076 0-081 
133 0-13^ 
077i 0-073 


O-OU 0-04^ 
008 i' 0-0^ 0-016 


a 


0-04 
0071 0-008 


0^1 
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Aseubaooes Estate 


CMboa (BlMk C«o*, plA«tid Job* 2)0, IW 


SMdUof No. 247 ptetc4 
Sep(«&b 0 . 1905 . 


Coaitilutji«. 


Brix 

PoUniatiOD 
Purity 

Reducing sugars . 

Ash 

Insoluble ash 
SoluUe aab 
Potash 
Carbonic add in the ooh 
Sulphuric actd 
CUorifie 



Dote <4 tin AmIi 




2)rd I4th 

r», 

te'O SO-60 
1S‘17 18*44 
90-86 89-95 
0-58 I 0-88 
0-476 0-4801 
0-07$' 0 078 
0-408 0-S54 0* 
186 


Dtb 

IMS. 

904 


81-80 

17-68 

83-89 



IM 

24tb 

1 

1416 

Dth 

M, 

1906. 

X- 

Mev, 

1906. 


8-90 

18-80 1 

ill-90 

14-40 

3-60 

|8-U 

i 7-87 

'10-90 

' 40-45 

66-16 

86-18 


8-10 

1 8-09 

1-64 

3-07 

0-648 

' 0-588 

0-680 

0-641 

0080 

1 , 

0-153 

0-070 

0-096 

0-686 

0-369{ 

0-460 

EJ3 

0-341 

O-880I 

: 0-870 

0-886 

008^ 

0-01^ 

: 0-008 

0-017 

O-IOl 

0-054 

: 0-186 

Wtav>’ 

0-186 

0103 

0-096 

1 

0-108 


Kentjokc Estate 


CbMtoA (UUck J4v«> Cs^ 


Swdlfef No. IDO. 


COGSliUMIltS, 


13rixJ .. 
I’olaruntion 
Purity ., 
Heducmg sugars 
Alb 

Insoluble ash 
Soluble ash 
Potash .. 
Carbonic acid in 
the ash 

Sulphuric ock) ., 
Chlctioe 


Dsu tb» AmIta 


Dtb 

r<t., 

1906 . 


\Mb I I4*b i J70> 
Hanb, I A]rt. , nUy. 


1906 . I 1906 . 


U-8 

7- 44 
63-06 

8 - 66 
0-839 
0-086 
0-161 
0-088 

0-006 


14-80 

10-68 

75-0 

2-0b 


\ 


1906 . 


) Dtb 

JUM. 
1906 . 


17-10 (17-80 
16-19 |18-18 
68-68 ^-90 
! 1-64 I 1-88 


1 3M 1 

14th 

I4tb 

16C& 

t 

17th 

1^9 

IM 

m 

FA.. 1 
190^1 

Mvcb. 

: 1906. 

IK 

VSi 

■r^ 



19-70 

{18-70 


0*8741 0-866 0-804{ 
0-078> 0-07(^ 0-076 


19-40 
17-97 
98-83 
0-79 
0-801' 0-189. 


94-98 h6l-6 
0-68 


18-4 

7-76 


0-089 0-067 


8-84 
0-348 

0-808j 0-]9tt 0-189; O-lI^ O-ltsj 0__ 

O-Iio! 0-103j 0*06% 0-064j 0-070! 0-0981 


0-010 — 


bl6« 

1-18M 


13-1 

8-90 

87-94 

8-84 

0-8661 

0-066| 

0 - 199 ! 

0-009 


14-60 
n-78 
90-78 
8-16 
0-8041 
0-067 
0-187 
(HyJ4 


0-0601 0-056 0*098l 0-06« 0-048| 0-041 0-04« 

' ^ 0-016j 


O-Oltf 0014. 0-0081 0O(n ^ 


0006f OOllH 0-01^ 0-0l8f 

00481 0056 

O-OmI 0008 
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THE CONSTITUENTS OF THE SUGAR CANE 

lafliMM of Mining Power on loorgsole Sntetanoee.— The power of the mills 
in which the cane is cmshed has a very marked influence on the ash content 
of the fuice. inasmuch as the juice extracted by the heaviest crushing contains 
more, both soluble (potash ash] and uisoluble (silicate ash) than juice which is 
extracted by light crushing. The following analyses of juice extracted in a triple 
crushing mill distinctly show the difference. Tlic juice was obtained by triple 
crushing without maceration, and. in order to have comparable figures, the 
percentage of the different constituents is calculated to 100 parts of juice of 
the same density as the flrst*mill juice. 


CoimUtueaU. 

! '■ 

n 

in. 

1 

i 

1 

Jl. 

111. 1 

1. 

II. 

III. 

Alh (total) .. 

0‘U1 

( 

0 360 

0-376 


0-861 

0-418 II 

K9 

0-667 

BSI 

Soluble ash .. 

OISO 

0-I71 

2-833 

i! 0-101 

0-120 

0131 1 

0-460 

0*446 


Insoluble tsb 

Dili 

0-189, 

0-143 


0-131 

0*847 

0130 

0*188 

0-108 

Potub 

' 0 080 

0-097 

1 0-133 

. 0-067 1 

0 - 009 ' 

0-098 

0*366 

0-888 

0-280 

Sulpburie add 

0-089 

0-041! 

1 0'049 


0-030 

0-048 


0-099 

0-U7 

Cbiorlae 

Carbwiic add in 

0087 

|0<0S4, 

1 

0'046 

0-018 

0084 

0-033 



0-066 

soluble ash .. 

0-004 

0002 

0-007 

0 001 

0001 

0-002 ! 


0-028 

1 

0-015 


Varying Mineral ConsUtuents of Juice.— Different cane varieties can absorb 
varying amounts of inorganic matter from the soil of the same field. The author 
analysed the juice of Muntok and Canne Mortc canes which were planted in 
the same field as Cheribon cane, and in almost every case found Uiem to contain 
more ash than the latter, although grown in the same field and under the same 
conditions. 












































































108 THE CONSTITUENTS OF THE SUGAR CANE 

% 

So far as we can judge from the hxnited data at our disposal, it is very 
probable that in ripe cane a high potash content accompanies a low quotient 
of purity in the juice and a high percentage of reducing sugar. 

As regards the distribution of the mineral substances in a horisontal direction, 
we may quote an analysb of Bonime, who found the rind of the cane to contain 
0*61 per cent, of ash, against 0*26 per cent, in the pith. 

It will be seen that the proportion in which the different constituents of 
our raw material occur varies within rather wide limits. For ripe, sound, and 
normal cane, we may state the following limits, which will only be exceeded 
in certain rare cases 

• 

Sucrose .. ^ 11—16 

Reducing Sugar ^ 04^1 *5 

Fibre ^ ^ 10—16 

Ash M 0*5—1^ 



SECOND PART 


SUGAR MANUFACTURE 




CHAPTER 1 


EXTRACTION OF THE JUICE 


I •'-General observations 

iDtrodaetion.—From the most remote times m which the sugar industiy 
has been heard of, crushing has been the mode generally practised (or tlie 
extraction of the juice. 

The simplest operation to which the canc was submitted to tills end con*, 
sisted in squeezing the cane stalks by means of a movable beam. I^ter the 
pieces of cane were ground in a mortar by means of a wooden pestle moved by 
oxen or mules. Very rapidly, however, thi* indastry made great strides, and 
in every cane-growing country were seen mills first with vertical and later 
with horizontal rollers of wood or stone. Initially, these were moved by cattle 
or by water power, but ultimately came the iron mills driven by steam or by 
explosion motors or by electricity. Although cane nulls in later years were 
constructed of greater power, yet the angle presang which was the universal 
practice during a very long period allowed too much juice (wliidi means sugar) 
to remain in the bagasse, and owing to tliis fact milling proved a very wasteful 
^ocess of extraction. 

In the general condition of the cane sugar industry at that earlier period 
it could possibly afioid these losses, but there came a tiiye when so conriderable 
a waste of sugar could no longer be allowed. The European beet sugar industiy 
dumped ever-incrcasing quantities of sugar on the markets and thereby was 
the cause of the great financial sugar crisis of 18S3, which endanger^ the 
very existence of the cane sugar industry. , 

The sugar manufacturers in the coltmies reaped that something would 
have to be done to improve both cultural and technical methods if they could 
hope for a survival of their estates in this relentless competition. 

It was evident that among the methods coming into consideration for im¬ 
provement, the obviously wastefulmillingprocess must take prior place. It was 
^vitaUe that the exami^ of the beet sugar industiy, in which the diffusion 
process had triumphed so rapidly over the previously used pressing process 
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and had so greatly reduced the loss of sugar in extraction, should attract the 
attention of the cane sugar manufacturers. In 1885 experiments were made 
with the diffusion of cane both in Spain and in Java, and resulted in a much 
greater extraction being obtained than by the milting plants then in use. 
Although these experiments showed that the calorific value of the diffusion 
bagasse was far below that of the bagasse from the mills, the advantage of the 
much higher extraction induced manufacturers in Java, Cuba, Egypt. 
I^uisiana and elsewhere to erect diffusion plants, which all gave very satis* 
factory results as regards the extraction of the juice. 

The fuel question, however, remained the great problem in this process, 
since the very fine bagasse resulting from the crushing of the cane chips offered 
a great resistance to its complete combustion and necessitated far more extra 
fuel than with the ordinary milling bagasse. Moreover, the constructors of 
mills did not remain idle but steadily improved the efficiency of the milting 
plants. The application of multiple crushing, of maceration with water and 
with last^miU juice, of grooved rollers, of preparatory devices, etc., so improved 
the extraction of juice by mills, that it not only equalled the achievements of 
diffusion but even surpassed them, while leaving the calorific value of the 
bagasse undiminished. The consequences of this brilUant work have been 
that, save in a few places, where very exceptional drcumstances as to fuel 
supply exist, diffusion in all its different forms, including the lixiviation of the 
bagasse, has been abandoned everywhere and the milling process is now the 
only one universally employed by the cane sugar industry. 


II.-Milling Plants 


Three«ltoUer MIlls,^The most common form of the mill is the 
type or else combinations of the three*FollGr mill. Two of the rollers on the 
same level turn in th» same direction and bear the names of feed roller 
and " bagasse roiier'' respectively, while the third, the top roller,'' is placed 
above the other two and turns in the opposite direction. 

Distance apart of Roncts.— As a rule the roQen of the first mill are set in 
such a way that the cane, either treated in preparatory machines or not, 
enters easily and is but sliglftly squeezed ; but the space between the top and 
the bagasse rollers is so small that only the well<ru5hed fibre can pass and it is 
here that the real crushing takes place. Care must however be taken that the 
forward motion of the cru^ed bagasse is not hampered by too small an outlet 
between the top and bagasse rollers. The distance between the top roller 
and the feed roller and between the top roller and the bagasse roller of the 
second mill in a train is smaller than with the rolls of the first one, and is still 
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smaller in the third and further mills of the train in order to obtain the 
maximum extraction. 

The Bedplate*—The extracted )uice streams from the rollers on to the bed* 
plate of the mills, which takes the form of a collecting trough with a perforated 
cover to keep back the coarser particles of canc and allow the juice to pass; 
thence it is conveyed through open gutt^ to the measuring or weighing tanks. 

The Bagasse Turner.—In order to carry the cane or the bagasse from the 
feed roller to the bagasse roller, a curved metal plate, called the trash or bagasse 
turner, is fixed under the top roller, but is capable of adjustment. The accurate 
adjustment of this plate is one of the principal points in mill*work and like the 
adjustment of the rollers requires constant attention on the part of the engineer. 
It would be out of place to enter into details of the subject* in the present 
work which is mainly addressed to chemists, but the following remarks may 
be offered. 

Adjustment of the RoUen.—The proper adjustment of the rollers, i.e., the 
space between the feed roller and the bagasse roller depends entirely on the 
amount of cane that has to be worked up in twenty*four hours with a given 
velocity of the mill, and on the quantity of juice that is allowed to remain in 
the bagasse according to the capacity of the later units in the train. The 
relation between those two spaces is not constant for different cane varieties 
but depends on the toughness of the fibre. The position and the curve of the 
trash-turner exert a great influence on the efficiency of the mill-work ; but 
at present we do not know with sufficient accuracy how these should be modified 
to suit different drcumstances. 

tKn practice the tendency is to reduce the space between the bagasse turner 
and the top roller as much as possible, without the risk of jamming the cane 
fibre between them. The space between the bagasse and the bagasse 

roller depends on the position of the mill in a combination of similar milla. 
It is larger i^ a first miU where only cane is crushed than in the second, third 
or fourth where the already finely divided bagasse has to be more heavily 
pressed. 

Speed of EiflUn*—No definite figures can be gifen as to the surface-speed 
of the rollers, but this should be as low as the required output will permit. 
The surface of the roller, whether rough or smooth, has also a great influence 
to this connectipD. 


Ttt h fedtfnWr ttMd Nod Dma m ^ lit of hO ''Cm Safur. ' 
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Gro^Ted RoOen, —Formerly mill rollers were smooth or only superficially 
grooved or indented* but about the year 1906 several types of top rollers came 
into use, in which very deep patterns were made to project. 

In some cases the patterns were diamond-shaped or took a berring-bone 
or cup-like form; certainly a great variety of more or less deep carvings were 
made in mill rollers by different cons^ctors, to be used not only in the top 
roller of the first mill, but also in that of the other units of the same tandem. 
The aim was not only to have a better grip on the cane or on the bagasse* but 
also to increase the capacity. It is clear that the juice extraction was not 
increased by the deep serrating of the top roller: but, owing to the larger surface 
of the roller caused by the grooves and projections, the mill capacity became 
greater than with smooth or supcrfidally-groovcd rollers of a similar siae. 


Messebaert Oroovaa.—Another device of grooved rollers, invented by 
Messchaert* and ased for the first time in 1914 in the Oalm Sugar Co.'s mill 
at Waipahu, Hawaii, claims to increase the extraction considerably. It is 
said to render possible a 2 per cent, higher extraction; a 10-16 per cent, 
greater mill capacity; an improved feeding of the mills; less wear on the 
rollers; a closer setting; less power consumption ; and a drier bagasse than 
in the case of the ordinary ungrooved roller. Messchaert gives the following 
account of the discovery of his invention: In milb working badly, it is notice¬ 
able that the bagasse shows wet in spots, owing to an accumulation of juice 
in a break of the blanket as it passes between the top and feed rollers, which 
break is not filled up on the returner bar. Consequently the blanket is thinner 
and breaks at that place when it passes the bagasse roller. If the top roller 
is very smooth in places, the break of the blanket will be large on account 
of the greater slip. The quantity of juice accumulated at that spot will be 
shot out at the first relief of pressure. From this it was deduced that tSf* 
fault does not rest with the trash-j^to. as was commonly supposed. It 
se<:med that the remedy would have to be applied at the point of the greatest 
pressure, vi^.. at the point of contact between the top and feed rollers. By 
putting in 15 circumferential grooves, 1} in. deep and f in. wide, on the feed 
roller of the 4th mill, the success oi the idea was fully demonstrated. 

The explanation of the working of the grooves is that when these are 
absent, the juice is impelletf upwards, forming thus a little po(d on the top of the 
' ftv>d roller. The bagasse feeding into the mill has to force its way down through 
this pool against the condderable pressure of the stream operating against 
But with the grooved feed roller no pool forms and the juice; escapes 'tfhm 
the pressure is greatest, thus clearing the way for the bagam blanket to enter 


6ti(ir J«qnl,* 1914, 41). 
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between the rollers. With grooved rollers all the juice flows down the front 
and back of the roller and practically none of the bagasse enters the grooves 
because of its natural regency. Scrapers may. however, be used to prevent 
the grooves from clogging. 

With the adoption of the grooved roilers. some trouble has been experienced 
with the increa*^ amount of trash dropping into the juice pan through the 
grboves. James Ogg has eliminated this difficulty by means of a special 
scraper, through which the trash is carried across the returner bar with the 
bagasse. By the use of this apparatus it is claimed that the ordinary scrapers 
may be disp^d with, so that the juice pan is kept practicaUy free from trash. 

Subsequently many faemries put in heavy and large gi(K>V'.-dn l)ers in the first 
mill, and likewise juice grooves in the discharge rollers, and claimed to incrca.se 
considerably the sugar extractiim by tlnise devices. 

The exhausted bagasse passes out of the mill on the top of the baga.sfic 
roller and gravitates down an inclined plate which is adjusted a.s near to the 
bagasse roller as possible. It is here receiyed upon an intermediate carrier 
which elevates and dlscliaiges it upon a second inclined pJale, whence it enters 
the second or third mill. The baeas.se from the last mill falls on to a b:iga!-se- 
carrier, or into waggons or baskets by means of whicli it is transported to the 
furnaces, where it may be used as fuel without drying it beforehand. 

milt with Multiple RoUeta.—Apart from three-roller mills, mills with two 
rollers are also used, the rolls being placed one above the other and the cane 
introduced between them by means of a carrier. Moreover, we find mills 
having 4. 5 or 8 rollen, but, as already stated, the three-roller mill is the most 
common type. Mills with 9,12 or 14 rollers are merely combinations of three- 
roller mills placed in tandem or combined with a preliminary cane cruder, 
■Ring only two rollers. These compound mills arc placed very close together 
and connected by means of intermediate earners, the whole plant being driven 
by one or two engines through multiple gearing. » 

Shiedden utd Crushei*.— Special appliances have been adopted in order 
to relieve the mills and enable them to grind more cane in a given time with a 
given power, also for the purpose of disintegraUng the whole cane, so that the 
bagasse passing out of the first mill may be sufficiently loose and finely divided 
to permit of its being thoroughly moistened by th» maceration water which IS 

afi^ed at this stage. 

.RmhlOC Kntvea-—These appliances range from very simple types to 
rather intricate* apparatus. In order to feed the mills regularly the canes are 
thrown on to long carriers, upon which they are spread out by hand before they 

naefa the mill. In case of faUen canes, which are usuaUy crooked and thereforo 
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dilBcuIt to spread out, a spindle provided with revolving knives is sometimes 
adjusted acro.ss the carrier, so that the canes passing under them are cat into 
short iengths and more evenly distributed. 

In the Hawaiian Islands much more powerful slicing machines have been 
constructed which cut the cane on the carrier into very fine particles. These 
knives have also the advantage of detecting pieces of metal which might be 
present among the cones and would damage the rollers if they passed into 
the mill. Provided that the knives are kept sharp, the power used by this 
contrivance is not great. 

Cana Cutters and Shredders.—Other appliances placed between the carrier 
and the first mill include the Ross Cane Cutter and the Cane Shredder. The 
former cuts the cane in pieces about four inches long and afterwards divides 
it into thin sUccs, wliilc the latter reduces the cane to fibre between two rows 
of teeth before it enters the mill. If the knives of the Cutter and the teeth 
of the Shredder are sufficiently sharp, this .subdivision can be effected without 
ojiy las.s of juict^; this cane is afterwards crushed in the same way as the cancs 
themselves, by mills, the rollers of which must be further apart than in the case 
of whole cancs. because they receive the feed in a more voluminous form. 

The Searby Shredder.—In the Searby Shredder* which is extensively 
used in the Hawaiian Islands, the cane, having pajvsed through a crusher 
where it ha^ been crushed and flattened, drops on a table along which it is 
carried to a thra.^hing or fibreyforming device. In this clement of the system, 
angle anvil bars, spaced somewhat apart, form a sort of open cage or 
grating. A rotating member carrying pivoted beater arms co*operates with 
these angle bars to disintegrate the cane. The fibrous material formed 
by this action from the cane drops through the spaces between the bars and is 
delivered by a conveyt>r to an ordinary type of three-roller null or series^£ 
such mills. 

Tins instrument disintegrates the cane very powerfully and also renders 
the hard parts of the^cane open to the action of maceration water, so that a 
full extraction is possible with a comparatively small amount of maceration 
water. 

It appears, however, that the bagasse obtained by the crushing oi the 
so finely divided fibre has the same drawback as that resulting from the diffusion 
process, viz., that it is nokeasy to get it completely burned with the highest 
possible calorific effect. 

Cmihers.—A third type, the Crusher, consists of a set of rollers provided 
with prominent teeth, which are placed in such wise that the canes passing 
through them are slightly squeezed and therefore the first cull can oush them 
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more eaaly t^ao it can whole cane. The Crusher extracts a part of the jure 
and in that respect differs from the other types referred to ahovt*. The ifrst 
crushers were of the Krajewski type witii V-shaped teeth, while, since then, the 
Fulton type with a much more intricate pattern has found much application. 

% 

Sufflman.-^Nowadays all modem canc sugar factories are equipped with 
extraction plants, consisting of one or more preparatory apparatus followed 
by^ number of three-roller mills with smooth or grooved cylinders, which 
are so adjusted that the uninterrupted mat of cane passing through them 
is expressed with progressive force and finally leaves the train in the shape of 
practically exhausted bagussc. 

On its way from one unit of the train to the other, the partly expressed 
bagasse is macerated with water or last*mill juiat, or both, in order to reduce 
the sugar content of the juice \iltimatcly remaining in the final bagasse. 


IIL-Regulation of the Mill Work 

Power of the Different Dnlts.-^'It is very useful, for a good extraction, t<; 
have a plant in which the work done by the diffcri'nt units stands in a good 
relative proportion. The new plants designed and built by competent con¬ 
structors fulfil this requirement: but in many cases the milling train consists 
of units of different types and powers pul together haphazardly. In such 
cases it is advisable not only to examine the work done by the whole tandem, 
but also that performed by the different units individually. It may be that 
defective work of one of the units spoils the good effects of the others, and 
thereby renders the total extraction less thorough than it might otherwise be. 
It is advisable to use the most powerful mill as first mill, so that it may express 
cent, of the weight of the cane, leaving only 25 per cent, of juice in the 
bagasse, when the fibre content is about 10 per cent. If liigher the first mill 
will not express so much. The following mills express a little more juice 
from the bagasse, but it is evident that even the heaviest pressure will fail 
to express all the juice. Owing to the colloidal water present in the fibre, 
the juice remaining in the bagasse will not have the same concentration as 
that which is expressed, but as it contains sugar some loss is inevitable. 

Maceration.—When water is poured on the bagasse, this residual juice is 
diluted, and after re-cnishing the bagasse to its former content of juice it will 
then contain the same amount of diluted, and therefore less saccharine juice, 
causing less loss of sugar, so that maceration considerably improves thfe juice 
extraction. Canl that has been crushed once, or in some factories even twice, 
and thus has lost a great deal of its juice, is macerated at the moment when 
it emerges from b etw een the roll^ and (thus relieved from the heavy 
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pre.ssure) expands by its own elasticity eagerly absorbing water. As the result 
of the crushing in the mill, the cell walls of the parenchyma have already 
been tom, allowing the maceration water at once to dilute the juice still 
remaining. Additional water is poured on the partially exhausted bagasse 
on Its way from one mill to another, and it may moreover ttuned over in 
some factories, the result Iving that the juice which is expressed by the 
next mill becomes highly diluted. 

The ^amplest method oi applying the maceration water is to spray it on 
the bagasse by means of a prorated pipe or by Kdrtings injectors, at the 
wUt'ti it '“nicrgos frmn between the cylinders, and freed fr<‘in the 
pressure is most eager to absorb liquid. Of course in the short time that the 
bagasse requires to pass from one mill to another, the maceration water cannot 
mix completely with the juice still remaining in the bagasse, and a mixture 
of 80 per amt. is considered very satisfactory. 

The heavy pressure of the first mill tears nnd opens the parenchyma cells 
but is unnble to break all those of the rind and the nodes, which become crushed 
in tJic later units whore the distance between the rollers is so much smaller. 
By the use of such appliances as cutters, shredders and crushers, it is however 
possible to obtain the first mill bagasse in such a spongy condition that it 
readily absorbs the maceration fluids, but, nevertheless, it is quite possible 
tluit i:ven I ho best |>r(^pari*<l hagassi* may not be comfdctely inoistoju'<i b\’ the 
maceration water, thereby unduly decreasing its eflcct. 

In order to remedy this defect, many contrivances have been devised to 
turn over the ]>agassG on its way from one mill to the other, either by revolving 
parts on the carrier or by an inclined shoot, so that it may be moistened on the 
top side first and then on the bottom ride. 


Immersion Methods,—As, however, all these methods have only a local 
cflect, it has often been tried to immerse the bagasse totally in water, 
ago a trough full of water was frequently placed between the mills, through 
which the carrier with the partly expressed bagasse was conveyed, but one 
never heard of the domplete success of this device, the rapid souring of the 
juice in the trough accounting for its unfavourable operation. 

Ail these systems have the disadvantage that the bagasse coming out of 
the mill has already had an opportunity of expanding before coming into 
contact with the water. 

Tl)is drawback is prevented in Ramsay's Scraper, in which device two 
heavy metal scrapers bear tangentially on the top and bagasse rollers, and 
force the bagasse between two plates. Attached to the perf6rated scrapers 
are hollow boxes into which water is pumped under a heavy pressure. As 
soon as the bagasse comes out of the mill it meets the water and expands 
without contact with the air. The moist bagasse is caitied by a rake over a 
metal plate to the oe.xt mill and there expressed. 
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Bot or CoM Mftoontlon.—There has been much difference of opinion as 
to the advantages of hot or cold maceration. Hot water has the disadvantage 
of dissolving more gummy matter from the bagasse and introducing it into 
the juice, but all the same it is to be preferred from a practical point of view. 
The cold water used for the purpose in sugar mills is usually dirty and needs 
filtration; therefore with a view likewise of preventing the choking up of the 
apgrtures in the supply pipes or in the spra^vrs, it is better to use the condensed 
water from the hot well. As it is an advantage to force the water against 
the bagasse, the maceration supply Ls generally connected with the feed pump 
of the boilers. In this simple way one obtains a steady supply of hot water 
under considerable pressure. 

Some believe that hot water mixes more readily with the juice in the bagasse 
than does cold, owing to a kind of diffu$aon which takes place betweem the juice 
in the surviving cells of the bagasse and the surrounding hot water, but wiiich U 
impossible in the case of cold water. But by microscopical inspection Went* 
showed that all the cells are already broken by the heavy pressure of the hrst 
mill, so that, even if we admit a certain amount of diffusion through those 
Tupt\ircd cells, this takes place as easily with cold water as with hot. 

Midler von Czemickyf carried out comparative experiments with hot and 
cold maceration and found no difference, as is seen in the following table 



Cold 

Dot 


Mac^r:ition. 

Maceration. 

Brlx <if first-mill juice 

17-9 

.. 17*7 

Brix of mixed juice . 

15-9 

.. 15*9 

Brix of iast-mill juice . 

7'2 

7-4 

Maceration on 100 parts of first-mill juice 

11*3 

.. 11*0 

Sucrose in bagasse. 

4-33 

4*40 

Quotient of sucrose in bagasse and Brix last-mill juice ()*fl0 

0*60 

'tient of sucrose in bagasse and sucrose last-mill juice 0*78 

0-78 

Quotient of purity first-mill juice .. 

831 

.. 82 *9 

Quotient of purity last-mill juice 

70*7 

.. 76 *5 

Two further experiments showed that even after clarification 

no difference 

in' the quotient of purity could be detected. 

Cold 

Hot 


Maceration. 

Maceration. 

Increase in purity of the last-mill juice by 

3-7 

3*8 

clarification •. .. »• -•> 

3*9 

3*6 


74*8 

. 74*4 

Original purity . • ^ 

73*0 

. 72-5 


As the risk df dissolving gummy matter in hot water is not very great and 
as. on the other band, no better extraction can be expected, it is immaterial 
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whether hot or cold maceration be adopted, but from a practical standpdnt 
the author would advise boiler feed-water for this purpose. 

Hazewinkd and Langguth Steuerwald* showed that the pentosan content 
of mill juice obtained by maceration with hot water is not higher than if cold . 
water had been nsed. proving that hot water does not dissolve more gums 
from the bagasse than cold. 


Maceration with Last-MUl Jalee.--In order to make the maceration water 
servo several times, it has become the custom to use the juice from the third 
mill for macerating the bagasse between the first and the second mills, and the 
juice from the fourth for the bagasse of the third mill, while pure water is 
applied behind the third. These rules are not fixed ones and differ according 
to the composition of the mill-train, but the general rule is that the heaviest 
juice serves for the first maceration, the lighter juices for subsequent ones, and 
water for the last maceration. 

This maceration with the last-milJ juice can only be applied if the cane 
is crushed so heavily in the first mill that the first bagasse can easily absorb 
liquid. A less powerful mill only squeezes the canes, and they emerge with a 
smi)Oth surface and are unable to absorb the last-mill juice. In this case this 
added saccharine liquid is again extracted by the second mill without having 
diluted the juice in the bagasse, or it soaks through the planks of the carrier on 
to the fioor and is consequently lost. 


Condition of Bagasse for Maceration.—By the use of such appliances as 
cutters, shredders, or crushers, it is. hourever. possible to obtain the first-mUl 
bagasse in such a spongy condition that it eagerly absorbs the last-mill juice 
and. thoreforr. after leasing the second mill, contains a more dilute juice than 
when the maceration with last-mill juice has been omitted, or when that juice 
has only moistened its surface and has not penetrated into the interior^ 
the layer of bagasse on the carrier. It is evident that these cane-pitpanR^ 
machines not only allow quicker working and decrease the risk of break¬ 
downs. but. for the above reason, also bring about a better juice extraction 
while maintainiiig the same dilution. 

Advantages of MaceratlOD with Last /alee.—Muller von Czemickyf pub¬ 
lished the following data on the advantages of maceration with last-mill juice:-— 

During 14 consecutive days cane was crushed by a set of three three-roller 
mills, and macerated alternately one day with water and the next day with 
last-mill juice. Great care was taken to grind about the same quantity ot 
canes every day. and to ensure that the canes were as similar as possible. 
The fact that he succeeded in both conditions is proved by the uniform com¬ 
position of the first-mill juice, and the constant Sbtt content of cane and bagasse. 
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We see that when macerating with last-mill juice, 2*6 per cent, leas water 
causes a smaller loss of sugar in bagasse than with water alone. The water so 
added is thmforc used twice over, viz., once in the icfftn of last-mill juice of 
about 6*5 per cent, dry substance (in order to dilute the juice of 17 *5 per cent.), 
and the second time in the form of water between the second and third mills 
to reduce the juice left in the second bagnssu to the low density of the last*mill 
juice. 

yrith the object of obtaining some information in regard to the economics 
of the extraction of juice by nulling, Noil Dcerr* made some trials with 
maceration with cold and warm water and last-mill juice, and different quanti* 

« of water alone, of which we give the gist here. The results, which are 
n below, were obtained by a nine-roller mill and crasher of recent con* 
stniction, the rollers being of size 34in. X 76in. During the test it was grinding 
at the rate d S6 to 37 tons of cane per hour. The cano milled was Lahaina, 
and judging from the uniformity of the samples obtained from the crusher 
roUs. cane of even quality was milled during the whole series of experiments. 
The following four methods of ap^ying maceration water were carried out 

(u) Hot water before last mill with return d tbird-mill juice before second 

mfll. 

(5) Hot water before last mill with no return d third-mill juke. 

(c) Cold water before last mill with return d third-mill juice befoie second 
mill, * 

(d) Hot water bdon both second and third mills and no return d diluted 
jdee. 

•BiUilfa M*. sa tUviiM Stadoi. 
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Two trials were made of tbe two first'mentioned methods and one of the last 
two. 

As the results of these experiments, it was found that the highest extractim 
is obtained when a system of compound saturation is followed. The lowest 
result is obtained when all the water is added before the last mill; and an 
intermediate result, when the water is divided before the second and the third 
mills. Between the use of hot water and cold water little difference, if any, is 
to be found. The very small advantage in favour of hot water is perhaps 
accounted for by the slightly higher dilution. 
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In a twelve^rollcr mill, of sinular size and construction to the nine*roUer 
mill, a series of trials was made with hot water and cold water, the system of 
saturation being as follows: Water applied before the fourth ; the fourth 
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mill juice was returned in front of the tliird mill; the third in front of the 
second; and the second in front of the first on to the cancs coming from the 
crusher, the juice going to the boiling-housc being taken from the crusher 
and from the first mill- 
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As with the nine-roller mill, the sugar in the canes was determined by use 
of a ratio connecting sucrose in cane and sucrose in expressed juice. In this 
case one of 0*8^ was experimentally found. The comparison of tbe effect 
of hot water and of cold water leads to the same result as was obtained with 
the nine-roller mill; namely, that either is equally efficient. 
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Soaring of Latt-MIU has been observed many a time that io 

practical working the quotient of purity of the last-mill juice is found to be 
much lower than corresponds with the natural decrease mentioned on pages 
107 and which fact is ascribed to souring during the course of the juice 
used for maceration. If this Is really the case, it might be that the loss of 
sucrose by inversion is heavier than the financial advantage arising from the 
saving of fuel by the maceration with mill juice instead of water. 

Van der Linden* admits that some inversion cannot be denied, but believes 
the great fall in quotient of purity to be more apparent than real and blames 
the sampling for the phenomenon observed. He quotes an instance where 
a very large drop in purity had been found in a factory where, owing to di* 
cumstances, the mills had not been washed for a whole week. 
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DifFercnee. 

22nd June 


Mills 

washed. 


23rd June 

S4'S 


76-3 

8-5 

24th June 

66-6 


761 

94 

25th June 

851 


76*6 j 

8*6 

26th June 

85? 


74*9 1 

10-8 

27th June 

871 


71*7 

15-4 


86-7 

i 

69-4 

17-3 

29th June 

86-7 

1 

63*7 

23*0 

SOth June 

85-7 


59-7 

26*0 

Ist July 


Hills' 

washed. 


2iid July 

86-2 


77-4 

6-8 

3rd July 

j 86*5 

1 

1 

1 

1 
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It was, however, soon found that the suction tank of the maceration 
juice, from which the samiHes had been taken, was half full of Leuconoitoc, 
which had only locally caused souring and inveisioD. The bulk of the juice 
bad passed uninjured and without any perceptible inversion. 

If. therefore, the necessary cleanHness is observed io the mill work, no 
souring, inversion, or deterioration of the macerating juices is to be feared and 
the expenses for fuel mi^t be very low indeed if maceration with last-miU 
juice is not a financial gain over maceration with pure water only. 

Method ol Maeeratlng with Last*Mllt Julaa,—Most factories pass the last- 
mill juice through a strainer and apply It to the bagasse coming the first- 
mill without further treatment. In some cases, via., ^th the Thomas and 
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Petree process, the juice is clarified before being used for maceration. As 
the unclarified juice aJvrays contains cane fibre, the pipes through which it is 
poured on the bagasse have to possess a large diameter and he provided with 
wide apertur^ in order to prevent choking. The juice may be applied by 
means of an open inclined gutter placed across the bagasse carrier. 

MaomtlOD with Sweet*Water.— In factories which employ the carbonate* 
tion process the sweet-waters from the presses (containing 1 to 2 per cent, of 
sucrose) are also employed for maceration, and since they are free from fibre 
may also be supplied through pip«*s having fine apertures, or by injectors. 


rv^Results of the Mill Work. 

Ittflueoee of Cane Fibre on iht Extraction.— If it were possible to crush the 
bagasse of the different cane varieties always to the same juice content, it 
would be feasible to obtain a constant sucrose content in the bagasse by keeping 
the density of the last-mill juice constant. The quantity of juice extracted 
from 100 parts of cane would then only depend on the amount of fibre, and 
this quantity diminishes for two reasons when the amount of fibre rises. 
Firstly, cane with much fibre contains a proportionately smaller amount of 
juice, and, secondly, the quantity of bagasse is inaoased. and hence also the 
quantity of juice which it contains and that of the sucrose in it which is to be 
eliminated. 

It is not. however, quite so simple, because the fibre of every variety oi 
cane has its own power to resist pressure. Thus the Java Seedling No. 247 
yi^ a a dry bagasse much more readily than No. 100 or the Black Java cane, 
in in most cases, canes having a high fibre content will yield bagas.se. the 
fibre of which offers but little resistance to pressure. This to some extent 
compensates for the increased loss of sugar occarioned by the large amount 
of bagasse obtained from canes of high fibre content. 

From the average of a great number of determinations it is seen that a high 
fibre content of the cane cor r es p onds with a high fibre content of the bagasse. 
$0 that a bard cane yields a drier and more exhausted bagasse than a soft one. 

• 

Very probably the considerable difference in juice content of bagasse of soft 
and hard canes, when crushed in the same min. in a layer of equal thickness, is 
occasioned by the difference in the absorbing power of the fibre. The fibre ol 
soft cane is more spongy than that of hard cane, and therefore absorbs more 
juice than the latfer. At the moment when the bagasse is relieved from 
the heaviest pressure, all of the expressed juice has not escaped out of contact 
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with the bagasse and a him of juice still remains on the rollers^ consequently the 
expanding fibre readily absorbs whatever juice remains in contact with it. 
although such juice bus already been expressed from it, The more spongy the 
fibre the more it will absorb, and though this is still an unproved hypothesis, it 
may explain why soft cane yields bagasse containing so much more juice than 
docs hard cane. 

Improvements In Hill Work.—Since the mill work has been carefully 
studittd and. in particular, the work to be done by every one of the units of 
the train has betm made the subject of careful invi*stigutioiis. it has become 
possible to regulate the work in .such wise that evay cane variety can be 
crushed to the <^mc cxhaustcxl b:iga$se. so that nowadays the influence of the 
hardness or softnes.s of the fibre has become immaterial. 

Results 1 q Practical Working.—From data supplied by the Mutual (ontrol 
of the Java Sugar Factories, the figures for the extraction throughout Java 
during the last 20 years have been as follows 
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These arc averages in which poor and exccUent results are combined. 
We quote here the best among the data for 1923. to give an idea of what may 
be attained. * 
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13*6 

13*6 

130 

2*6 

46-2 

06*1 

4 MiUs .. 

13*1 

12-2 

122 

2-7 

1 46*7 : 

051 

Crusher 4 mills 

13*2 

13*3 

143 

2-7 

! 45-6 

1 

94-7 

4 „ 

12-6 

13*4 

1 


! 2*7 

i 43-4 

94 6 

4 

12] 

no 

156 

2*7 

! 48*4 

94*4 

4 ,1 

13*1 

i H-i, 

126 

26 

1 47-4 

94*4 

3 

13*3 

1 12-4 : 

1 1 

146 

m 

45-2 

94 2 

1 


Van Heemskerk Dukcr* mentions the results obtained on a factory in the 
Hawaiian Islands during a scries of years with mill-trains of the following 
composition:— 


Crop, 

— - ' 1 ^^^——JM 

Equipment. 

l\r liaur. 

of <‘.an^. 

■ 

KxtrarHon. 

1 

1 

1914 

Knives; Crusher. 72 in ; t2*rx>llpr 
mill, 76 in. 

52 04 

33*06 

95*67 

1915 

Knives; Cnisher, 72 in.; Shred* 
derf, 64 in.; 12*roller mill, 7H in. 

53-76 

35 98 

D7;32 


Knives; Crusher, 72 in.; Shred¬ 
der, 72 in,; 12-FoUer mill, 78 in. 

1 

55-6 

40*27 

X." 

97*73 

1917 

Knives; Crusher, 72 in.; Shred¬ 
der. 72 in.; 12-n)l)cr mill. 7H in. 

59-6 

• 35-18 

98-56 

1916 

* 

Knives; Crusher, 78 in.; Shred¬ 
der, 72 in.; 12-rD)ler mill, 76 in. 

56 37 

39-18 

96*47 

1919 

1 

Knives; Cnisher, 78 in.; Shred¬ 
der, 72 in.; 12*roller mill 

48-26 

50*64 

08 09 

1920 

Knives; Crusher. 78 in.; Shred¬ 
der, 72 in.; 12-rollcr mill, 76 in. 

58-08 

43-93 

98*92 

1921 

Knives; Cruder, 78 in.; Shred¬ 
der. 72 in.; 19-roUer mill, 78 in. 

$ 

67*27 

36*6 

9907 


oi Attoe. of Sufir TMhaobfM*. 1S22> 

tS*«rty Kfpe. 
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Westley* stated with reference to the milb in the Hawaiian Islands^ that 
the improvement was. to a great extent, due to additioju made to the milling 
equipment of several of the mills, but many mills with old equipment showed 
improvement in extraction. Better milling results than for the previous 
crop were reported by 84 per cent, of the factories. One gave an average 
extraction of over 99 per cent. The average for all was 97*46 per cent, as 
against 97*30 per cent, in 1919. The milling loss, that is the sucrose lost per 
100 of fibre in the bagasse, was 2*75 per cent., and the water content was 41 *05 
per cent. 


With a 15-roller mill and crusher equipped with Searby Shredder, an ex¬ 
traction was obtained of 98*98 per cent., while with a nine-roller mill and 
crusher only 98*13 per cent, could be obtained. 


We give here maximum figures for extraction of a number of Cuban mills 
for 1923. 


]^S Of 


SucHoSB IN Cans. 

Extraction. 

ilAOAftSe ON 

11*98 

95*78 

0*36 

13*74 

94*91 


14*03 

94*68 

. ♦ — 

14*25 

94*18 

0*83 

13*93 

94 14 

0*83 

13*81 

94*08 

0*81 

14*33 

93*92 

.. **— 

13*79 

93 89 

0*84 

13*51 

93*87 

0*83 

14*55 

93*69 

.. 0*92 


SUCKOSB IN 
too Canh. 


Conelostons,—These figures show that in every country every kind of cane 
may be practically completely exhausted by means of a powerful Diill-f)l|||||[^.. 
equipped with preparatory machinery and a rational maceration. The results 
obtainable do not only attain to those witnessed with the diffusion of beetroot, 
but in many instance even exceed them. 

Since the bagasse obtained by the milling process is immediatdy fit for 
fuel and does not need to be expressed first, as is the case in the diffuaon and 
Uxiviation processes; since mill extraction only takes a few minutes, and 
does not allow time or opportunity either for vial^ or invisihle. for mechanical 
or for fermentative losses: ance mill work is very elastic and may at any moment 
start and end with its full capacity and without delay—the milling process has 
proved its superiority over that of the diffusion of cane and is now the universal 
one in practice. 


• M. mi, S74 







, V.—Composition of the Juice 

_ » 

duuTMter of the ink#, —Cane juke, as it comes from the mills, is an opaque 
liquid, covered with froth, owing to the imprisoned air bubbles it contains, 
and having a coloration var^ng from grey to dark green according to the 
colour of the cane from whi^ it ^ been expressed. It contains in sdiition 
all the soluble constituents of the bane—sucrose, reducing sugar, salts, organic 
adds, etc., and besides the air already mentioned it carries in suspe nsion 
gums, hne bagasse, fibre, wax. sand and day (adhering to the cane), colouring 
matter, and albumin, which latter body occurs in considerable quantity when¬ 
ever unripe canes or green cane tops have been crushed with the ripe cancs. 

Fresh mill juke has an add reaction, and. owing to the presence of albumin 
and cspedally giunmy matter, is a viscoas liquid that cannot be filtered cold, 
hence the suspended constituents cannot be removed without steaming, and 
we have therefore to be content witbj kee^ang ^back the larger particles of 
bagasse by means of copper strainers. 

Proportion In which Constituents eocur In Jnloe.—Wc have already seen 
from the data given in Chapter II, Part 1, that the proportion in which the 
chief constituents occur in the juice varies gteztly, and dnjwnds, among other 
things, on the variety and age of the cajie, the nature of the soil, the manures 
applied, the climate, weather, etc. In the main, the figures for sucrose and 
reducing sugar show the greatest differences, while the other elements do 
not vary much, at least in sound and ripe canes. In unripe cane the juice 
sometimes contains much dissolved albumin, which fonns a thick layer of 
froth in the measuring tanks, and as this froth remains on the top of the 
liquid for a long time it hinders the measuring of the juice. Later on, at the 
clarification stage, this albumin coagulates and is easily removed in the scums. 
A quantity of this froth was removed from the measuring vessels and gutters, 
washed, dried, and analysed, with the following results 


Cane Fibre. 62-60 

Wax. 4-12 

Albumin .. .. 26*25 

Moisture . ^7-13 


100-00 


In dead or burnt cane, the amount of free add is larger than ordinarily 
occurs, but on the whole the other constituents do not show any considerable 

deviations. • 

Infiuenee of ^in power on the Proportion.—Apart from the difference 
between the juice cd different kinds of cane, the same cane may yield juice of a 
varying composition, according to the ^nssurt it has undergone in the mill. 

This ph^omenon is eadly explained when ooe remembers how many 
tissues having different degrees of hardness and containing different kinds of 
$a^ are present in the cane. 
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EXTRACTION OF THE JUICE 


I 


I 

Dlilerent lUnds of $sp.-«Thd sap in the vaicuoles contains nothing but 
sucrose, reducing sugar, a little salt, and organic acids. The protoplasm 
consists for the most part of water, which contains albumin and salts; and 
finally iUt sap in the fibrovascular bundles also holds salts in solution but no 
sugar. Wc find therefore not less than three different kinds of sap in the cane, 
vis., of th<' vacuoles, of the protoplasm, and of the fibrovascular bundles. 
In the first and the last the constituents occur only in solution, whereas that 
of the protoplasm contains suspended matter also. The softest tissues 
cont.iin the purest and richest sap, so that this is expressed by the gentlest 
pressure. With a Iteavier pressure this juice is mixed with that of the proto 
plasm, wliilst the fibrova.scular bundles part with their watery juice only 
under the heaviest pressure. Hot maceration causes the soft parenchyma cells 
to swell, and during rccrushing a quantity of finely divided cellular matter 
passes into the juice. 

Moreover the hard, woody rind is only broken by the heaviest pressure, 
hence the second- and third*mill juices are much darker In colour than the fint. 
The only thing that seems improbable is tliat the first*mill juice is richer in 
glucose than the later ones, but this is ascribed to the top of the cane being the 
softest part and also containing the most glucose. Gentle pressure therefore 
expresses this easily and imparts to the first juice proportionally more glucose 
than to the other juices, which are mainly derived from the older tissues of the 
cane. 

Composition of Mill Jolees.—The following analyses illustrate the differences 
in the juices obtained by three successive cnishings of the same canes with 
and without maceration. 


! TRIPf-r. (RUSHING. WITHOUT MACERATION. 

Black Java Cane. 


Co NSTITU a N^'S. 

1 FiiUT Mill. 

Second Mill. 

Third Mill. 

•• 

19*2 

19-3 

1 19-0 

Sucrose . 

16-49 

16-33 

16-96 

Reducing sugar 

1-96 

1-57 

1-62 

Ash .. .. .. 

0-28 

0-41 

0-42 

Gum and pectin 

0 125 

0-376 

1*260 

Albumin ., ,, .. 

0-025 

0-092 

0-054 

Free acids. 

0-048 

0-072 

0<006 

Quotient of purity 

86-9 

84-4 

84-0 

Glucose ratio . 

12-1 

9-6» 

9-6 

Colour . 

light. 

dark 

• dark 
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n.—TRIPLE CRUSHING, WITH MACERAT^>N WATER ADDED AFTER THE 
SECOND. AND LAST-MILL JUICE ADDED AFfER THE FIRST MILI.- 


Borneo Cane. 


1 

CoTUititurnts^. 

1^1 rbi 

Mill. 

Scc4inil Mill. 

Tliml 

Mill. 

MiIuOhI 

Jnio-. 

Cakiilati'd 

Bnx* IK .% 

Diluted 
JwM-e. 1 

falcuUie^l 

on 

Brix-IH-.I 

Brix 

1 lg-5 

14-8 

lB-5 

0-7 

18-5 

Polarization. 

16-76 

12 65 

15-Kl 

5-50 

15-18 

Puritv. 

• 

i)0-30 

85-47 

85-47 

82-10 


Reducing sugar 

0*K9 

0-50 

0-74 

: 0-33 

0-00 

Glucose ratio. 

53 

4-7 

4-7 

6 0 

6-0 

Ash •« «• 

0*244 

0-425 

0-531 

0-100 

0-550 

Free acids as SO« 

0<M2 

0-<l39 

0-04K 

0-010 


Combined organic adds as SO^ 

0-077 

0-080 

0-100 

0-<r27 

0073 

Albuminoids. 

0-024 

0-<K18 


0-047 

0-138 

Gums 

0-063 

0-150 

OIK.3 

0009 

0-273 


III.—TRIFLE cm SHINU, WITJIOLT W.U liKATJMN.* 
Purple Cane. Savnd Year Ratoons. 

r trnt. 

Extraction, First Mill. ft4*50 

„ Second Blill .. .. 3*50 

Third Mill . 213 


Total Extraction .. 72 13 



m 

SFX-oNn MtLL. 

% 

TinKT) Miu. 

Brix. 


4 4 

15-:Mi 

1460 

1460 

Sucrose 

• 9 

4 4 

12-93 

11 41 

I 11-30 

Redudng sugar 


4 • 

1-54 

1-29 

! 1-23 

Ash. 


• • 

0-37 

0-58 


Albuminoids 


• • 

0*18 

0-50 


Free adds 

» * 

4 4 

0-10 

0-11 

0-14 

Combined adds 

^ 4 

• • 

0-14 

0-15 

0-12 

Gums 

4 « 

• • 

0-10 

0-56 

0-61 

Coeffident oi ptfity 

9 4 

4 • 

84-07 

78-15 

77-39 

Glucose ratio ^ 

4 4 

4 4 

11-91 

11-30 

10-88 

' ' . 


«B«Dette No. fl. Uoktofti Ev^ Sutla. 31. 
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JV.—TRIPLF. CRUSHING. WlTl! STEAM MACERATION.* 
PttrpU Cane.—Fifst Yutr*s Ratoon. 

Per cent. 


Extraction, Fust Mill .. .• 34*31 

Second Mill . 8*00 

Third Mill . 4*52 


Total Extraction .« 76*83 




SccontI Mill. 

__ . 1 

Third Mill. 

Cnnntituenu. 

Finn Mill. 

1 

1 

DOntvd 

Juice. 

Calculateil 
to Briz « 
15>a4 

Diluted 
Juice. 1 

Calculated 
toBriK • 
I5*A4. 

Brix 

15*64 

12*05 

15*84 

11*53 1 

16*84 

Sucrose • • 

13*50 

0*40 

12*31 

8*70 : 

12*01 

Reducing sugar .. 

1*37 

0*07 : 

1*27 

; 0*88 

1*21 

Ash 

0*37 

0*57 1 

0*76 

0*05 

0*90 

Albumin 

0*14 

0*28 

0*37 i 

0*20 

0*28 

1 

Free acids 

0*00 

0*13 1 

1 0*17 : 

0*14 1 

1 0*19 

Coxnbioed acids .. 

0*13 

0*16 ' 

0*21 

0*10 

0*27 

(fums 

0*24 

0*54 1 

! 0*70 ! 

0*83 

1 1*14 

Furity .. 

1 

85*23 , 

78*00 ; 

: 78*00 : 

75*45 

1 

75*46 

Glucose ratio 

10*01 

10*32 

1 

10*32 

i 

: 9*42 

i 

' 9*42 


V.—TRIPI.K CRUSH IN<;. WITH COLD MACERATION 20 PER CENT.f 


PnrpU Cane. 

Per cent. 

Extraction, First Mill. 66*60 

„ Second Mill .. 12*15 

Third Mill . 4*51 


Total extraction • • 83*16 


•BviM No. SI. 

t/M.. 


StMtoe. 31. 
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Constitaents. 

Fiist mi 

Second UiH. 

• 

lliird 

MiU. 

^ * 

% 

Diluted 

Juice. 

Cakul^Ltcd 

to Ithx 
16-7S. 

Thlutctl 

Juice. 

Calculated 
to Brix ^ 
15-78. 

Brix 

15-73 

10-48 


6-93 

15-73 

Sucrose ..1 

UH)1 

8-65 


5^ 

22-80 

Reducing sugar .. 

0-83 1 

0-46 

0-69 

0-34 

0-78 

Ash 

0-35 

0-37 

0-55 

0-31 

0 71 

Albumin 

0-13 

0-22 

0-33 

0-21 

0-48 

Free adds 

0-08 

0-07 

0-10 

0-06 

013 

Combined adds .. 

0-10 

009 

0-13 

0-08 

0-18 

Gums 

0-24 

0-62 

0-93 

0-29 

066 

Purity 

89-07 

82-53 

82-53 

81-38 

81-38 

Glucose ratio •. 

5-93 

6-32 

5-32 

6-03 

0<13 


No<:I Decrr* made a series of experiments at crushing caoe in a two-manual 
hand mill. The mill was a three-roller one with rollers 5 in. X 4 in., and had 
the rollers adjusted by set screws passing through the headstocks. The mill 
was then essentially a rigid mill; and. as the experiment showed, a ** crushing 
was obtained, which, judged by the fibre content of the bagasse, was com* 
parable in every way with that obtained by large mills on the factory scale. 
Indeed, the bagasse finally obtained was more disintegrated and pulverised 
than ^at obtained in most mills. In conducting the experiments detailed 
kilogram of cane split into strips was passed three times through 
the mill, increasing the thickness of the feed at each operation. After the 
third crushing, when about 65 per cent, of the juice had been obtained, about 
100 grams of water was distributed over the bagasse which was then again 
crushed. This operation was done in all five times, the expressed diluted 
juice bdng collected separately at each crushing. Finally, the bagasse was 
weighed and analysed. In this way ^ht fractions of juitt were collected, 
the analysis of each fraction being as below* 

No. pofo 
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1 

W^Rllt 

ptr 

c^nt. 

Cnnc. 

1 

Surrt»f 

obtaineil 

JOO 

ducroNe 

in 

Total 

l»cr 

cent. 

Sucrow 

per 

cent. 

Purity. 

Value of 

‘<^■-*-1 xlOO 
3 is '"•) 

■ 

Product of 
tloli, 

a and 44-100 

1 

34 7 

43*2 

19*10 : 

1 

17*71 

92*7 

955 

41*3 

2 

10*0 

191 

19-20 

17-23 

89*7 

926 

17*8 

3 

13*0 

16*1 

19H>4 

16*70 

87*7 


13*8 

4 

9*8 

8*0 

13-22 

11*64 

88*0 


7*3 

5 

11*3 

4 7 

7*22 

6^1 

* 83 -2 

85-3 

4*0 

6 

10*0 

3*0 

5-50 

4*44 

80-8 

82*3 

2*5 

7 

120 


4-00 

3*16 

79*0 

79-9 

2 2 

8 

11*C 

1*7 

2 80 

2*17 

75*9 

75-7 

1-3 

Bagasse 

28*0 

■1 


1*33 

65-0 

1 

1 

57 3 

1*5 


Referring io th« above table, which represents the mean result of a series 
of experiments, the decreasing purity of each successive fraction of juice is 
well shown, except at the fourth fraction where an increase over the third 
is noticed. This increase, obtained in all the experiments, is not due to accident 
or enor. The third fraction was obtained under very heavy pressure and 
probably contained much rind tissue juice. The fourth fraction was the first 
obtained by adding water to the bagasse, and probably consisted largely of 
pith tissue juice (which had remained unexpres^), to tlie exclusion of rind 
tissue juice, as the rind had not yet been sufficiently broken up to take up its 
proportion of water. 


As the purity decreases, so also docs the amount of available sugv 
tained in a quantity of juice. The percentage of available sugar . 

fraction has been calculated from the formula:— 


Available Sugar 


sQ'- m) 

} (« - «j 


where $ is the purity of the sugar, y that of the juice, and m that of the 
molasses, giving to s the value 0*975, m the value 0*45, and taking for y the 
observed purities; hence the product of the extraction into the corresponding 


value of the expresrion ^ gives the amount of available sugar obtained 
at that operation. In the table reproduced above is given the extractiem at 
each operation, the value of ^ and the product of these two 


quantities, or the amount of sugar available at each operation per 100 sugar 
in cane. Referring to that table, it appears that of the 43*2 parts of sugar 
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• 

per 100 sugar in cane obtained at the first operation. 41 *3 are available; 
of the 4*7 parts obtained at the fifth operation. 4*0 are available; and of the 
2*6 parts left in the bagasse, only 1*5 is available. 

Since the purity of each soccesave fraction of juice obtained decreases, 
the earlier expressed portions have a higher available sugar value than the 
later ones and 43*2 parts of sugar per 100 sugar in cane correspond to more 
than 43*2 parts of available sugar per 100 of available sugar in cane. Accord 
ingly, No51 Deerr has calculated the combed purities of the first and second, 
uf the first, second and third fractions, and so on. the corresponding values of 

—. the available sugar obtained at cadi extraction, and its percentage 

y(« -«) 

on the whole available sugar of the canc. l*'or this last quantity he proposed 
the term " available extraction." i.c., 33*1 parts ol sugjr per 100 sugar in cane 
have been cxtractal. 04 *4 parts of the available sugar in the cane have been 
obtained, and this figure he thought more nearly represented the factor con* 
trolling the economic work of thu mill. These values arc given in the next 
table I— 


Extraction. 

Purily. 

Value ol 

Available cxtractioo, 

43*2 

92*7 

95*6 

46*0 

62*8 

91*0 

04*7 

64*4 

77*4 

01*1 

04*0 

70*5 

85*4 

906 

03*7 

87*4 

00*1 

00*4 

93*2 

91*8 

03*1 


929 

94*4 

^ 96*7 

89*8 

02*6 

96*9 

97*4 

89*6 

02*3 

98*4 

100*0 

88*9 

91*7 

100 0 


The results already given afford a means of answering a question often 
put. namely, if the extractioa is increased from, say, 93*1. which represents 
average work with a nine-roller mill, what gain can be expected from an 
extraction of 06*7, might be obtained with a twelve-roller mill 7 Acced¬ 
ing to results tabulated abo^. the economic extraction at these points is 94*4 
and 06*0. so that the percentage increase in sugar in bags will be 2*64 per 
cent, and not 2*T9 per cent as calculated frcmi the extraction alone. 

The decrease In purity is caused by an increase of gums, albuminoids, acids, 
and ash in the second and third juices. In the experiment with steam maccra- 
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tion, a )et of steam was introduced through the trash plates between the rollers 
of the second and third mills. The steam coagulated the albuminoids^ so that 
less of these was removed than in the process of dry extraction ; on the other 
hand, the percentage of gums in the juice was very much increased, so that the 
resulting juice was very difEicult to clarify. 

Hazewinkel and Langguth Stcuerwald* showed that hist-mill juice does 
not contain pentosans, but that these bodies pass over into the juice after a 
more powerful crashing. In an experiment in which the fiist*mill juice was 
quite free from pentosans, they found in the mixed juice from the second and 
^ird mill. 0*16 per cent, of this constituent, and in the total mixed juice 0*07 
per cent. 


It hxxs been proved that a very powerful crushing and ample macera¬ 
tion may result in an extraction of 99 per cent, of the total sucrose content 
of the cane ; and that, notwithstanding, io such a case the purity of the last- 
mill juice remains far above that of the final molasses. Although the last 
miU causes many impurities to pass over in the juice, the advantage of the 


further extraction is maintained, and the opinion often pronounced that 
the final juice only serves to increase the output of molasses and not of sugar 
is an erroneous one. We are fuDy convinced that the mill work may even 
lead to a complete extraction oi the sucrose without fear of a too great increase 
of objectionable non-sugar expressed from the cane. 


VL—Composition and Value of Bagasse as Fue 



CoinpositloD of Bagasse.—^The bagasse (or m^^ass as it is also called) coming 
from the mills contaifis an average of 46*5 per cent, fibre. 4*5 per cent, sucrose 
and 47*5 per cent, moisture, though, as observed In a previous chapter, higher 
or lower values may occur, depending on the quality of the crashing and the 
hardness of the cane fibre. 


Use of Bagaass for Fueh —Bagasse n generally Tised as fuel and in most cases 
it is sufficient to furnish all the steam required for driving the machinery and 
evaporating the juice in a modem factory turning out refining oystak. In 
the case of defective furnaces, ot vdien fnairing sriiite sugar whi^ requires 
more manipulation and conseqi^tly more steam, the bsgi^ is not sufficient 
and has to be supplemented by additional fuel. $ 4 ., cane trash, firewood, 
liquid fuel or coal. * 


I •! 
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« 

ft 

It is evident that the fitve content of the cane and the density of the juice 
also come into account, as a high fibre content of the cane furnishes more 
bagasse than a low one. while juice having a high density will, as a rule, get 
more diluted by maceration than a poor one. which does not justify the use of 
much maceration water. 

Besides the quantity of bagasse yielded by 100 parts of cane, its physical 
character also influences its calorific value. 


CilenUtlOD of Calortlle Value. —This latter can be calculated from the 
composition of any sample of bagasse and the calorific values of its constituents 
mentioned in Part I after the following formula 

C V - 8560 F + 711$ S + 6760 G - $72 W : 100 

in which C V ^ calorific value in British Thermal Units for 1 lb. of bagasse, 
containing F per cent, fibre. S per cent, sucrose, G per cent, reducing sugar, 
and W per cent, water. 

The calorific values of three different samples of bagasse were as follows 
(ash as put down as 3 per cent.):— 

P^60 S+Gi»4*6 W »42-5 CV»4275 + 320-3-412-7 »4182i6 

F-40 S+G-i6*0 W •fil-O CV » 3420 +427-1 -4$5-7 *^3361-4 

F>-33-3 S+G»7-0 W »66-7 CV » 2860 + 498 3 - 661-0 ^ 2797-8 

An average Java bagasse, having 46*6 per cent, fibre, 4*50 per cent, sucrose, 
0-6 per cent, glucose, and 47*5 per cent, mature, possesses this calorific 
value 


46-6 X 8550 , 4-6 X 7119,0-6 x 6760 

+- rzz -+ — 


47-6 X 972 



100 * 100 ^ 100 100 
3976-7 + 320-3 + 33-7 - 461 -7 » 3868 B.T.U. 


Bolk* determined the chemical constitution and the odorific value of a few 
samples of bagasse, and found the concordance between the values calculated 

and determined to be entirely satisfactory. 

* . 

L Dry substance •* 67-26 

Purity of readual juice .. 60*40 

Sucrose in the ba^sse .. • 7*176 


Therefore crude fibre in bagasse: 67-26 


Ash in bagasse 

Ash'kee fibre ». 46*87 


7-175 

60-40 


X 100 « 


M6« 


46-37 


M46 

44-27 
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Calculated calorific value:— 

44*27 X 86 60 -f 7*176 X 71*18 - 42*76 X 8*72 « 3868 B.T.U. 

Determined in the bomb calorimeter 3879 ,, 

II. Dry substance .. 40*876 

Purity residual juice 69*61 

Sucrose in the bagasse .. .. 6*00 

Therefore crude fibre in the bagasse : 40*876 — X 100 ^ 32*24 

69*61 

Ash in the bagasse .. .. 1 *76 

Ash-free fibre .. 32*24 - 1*76 « 30*48 

Calculated calorific value 

30*48 X H6 60 4- 0 X 71*10 - 69*126 X 9*72 * 2453 B.T.U. 

Determined in the bomb calonmctcr .. 2430 B.T.U. 

Kerr and Percy* give data for the calorific value of bagasse of two 
cane varieties crushed at increasing extraction. The case (a) represents a 
Louisiana cane having a fibre content of 10 per cent, and a juice of 15^ Brix» 
while (6) represents a Cuba canc with 12 per cent, fibre and 18^ Brix in the 
juice. The authors state the calorific value both total and ifett, without excess 
of air. and with an excess of 60 per cent. The temperature of the atmosphere 
was 27^ C., that of the flue gases 260^ C, wlule loss of heat in the ash was 
neglected. The next amount is found by subtracting from the total heat 
production the calories carried away in the fiuc-gases. that which is used in 
evaporation of the water present and formed, and 6 per cent, f^ radiation. 


Extraction. 

UaguM. 


Calorific eflect. 

AToisture. 

# 

Fibre. 

Solidx in 
reaidnal 
|uice. 

Total. 

1 

1 Net 

Without 
excoAs of 
air. 

Air exccM 

50 

per cent. 

70 

66*7 

33*3 

10 

3627 

2209 

2090 

76 

61*0 

40 

9 

4100 

2666 

2627 

80 

42*8 

60 

7*2 

4817 

3348 

3184 

70 

49*2 

• 40 

10*8 

4263 

2792 

2662 

76 

42*6 

48 

9*4 

4801 

3336 

3178 

80 

32*8 

60 

7-2 1 

6629 

4091 

3906 


In these calculations it is, of course, assumed that during combustion of the 
organic matter in the bagasse only the highest products of oxidation are 

• DaS i U fc \\ 7 , Ei^ SiMloa. 
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fonned, bat according to Bolk's experiments.^ this requirement is not always 
fulfilled, so that the full calorific value is not really utilized. This is especially the 
case with bagasse, having a water content of over SO per cent., because this does 
not bum properly but merely smoulders and produces a large quantity of 
products of destructive distillation, ^efly heavy hydrocarbons, which escape 
unbumt and are thus lost. 

Canset of Ineompleto ComfiostleD*— Some cancs with very soft fibre, and 
consequently yielding a very mcasX bagasse, were sent to the author for examina* 
tioD, because they would not bum* but smouldered and eventually extinguished 
the fire. The engineers ascribed this to a high percentage of silica or of salt 
in the bagasse, but it soon became evident that the excessive amount of water 
accounted for the phenomenon. Sometimes the silica content was slightly 
higher than usual, but the divergence never exceeded 0*5 per cent, and one cannot 
suppose that so trifling a rise in an infuriblc constituent like silica would 
render bagasse incombustible. The presence of soluble salts in the bagasse 
to an appreciable extent must also be rejected, for had they been present 
in the original canes in excessive quantities, they would have been removed 
with the sugar and the other soluble juice constituents by the different operations 
of mill extraction and maceration, so that none would be found in the bagasse. 
In all those cases the author found a high water content; the bagasse did 
not actually bum but smouldered slowly and left a black carbonaceous residue. 
The calorific value was greatly reduced and the engineers could not maintain 
the desired steam pressure in the boilers. At first sight one could only ascribe 
the deficiency in calorific value to the amount of unbumt carbon in the ash; 
but a simple calculation showed that this was immaterial and that the diminished 
beating power was due, partly to the large amount of heat required to evaporate 
the surplus water, and partly to the formation of products of destructive dis- 
i^ich escaped unutilized throu^ the fiues. 

Unbumt Oiganle Matter left In the Ash,—The blackest ash, containing the 
largest amount of carbon, was obtained from a bagasse vpth 52*50 per cent, of 
moisture; it contained 74 per cent, of inorganic matter, 21 per cent, of com¬ 
bustible matter, and 5 per cent, of mature. The original b^asse, in its moist 
condition, had contained 46 3S per cent, of combustible matter, and 1T2 
per cent, of ash. The original fuel therefore contained 1*12 parts of ash for 
every 46*38 of combustible matter, or 3091 of the latter for every 74 parts 
of a^. After combustion, we loond only 21 pants of combustible matter 
to 74 parts of aah, whi^ (voves that this small amount of unbumt organic 
matter is of no real significance, when compared with the large amount which 
was bamt and disappeared in a gaseous form, and with the amount required 
to ev a por a te* the water from the moist bagasse. 

On some estates it was observed that the bagasse of some special cane 

«** Aid(M voor M i«06. Slf. 
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variety yielded a more fosible than that of other varieties. Whereas the 
bagasse from certain varieties of cane gave no trouble in the furnaces and no 
clogged grate-bars, when other varieties were being crushed great care had to be 
taken to keep the grates free from clinkers, which hampered the draught and 
hindered the combustion. This. also, was often ascribed to the composition of 
the ash as containing more fusible constituents at one time than at another; 
but it soon appeared that the difference in the composition of the ash was 
imperceptible and that once again the phyacal condition of the fibre of the 
bagasse accounted for it. One kind of fibre can bum under conditions of 
draught and grate area so different from those required by any other kind 
that in one case the »sh ftises and in the other cannot reach such a high tem¬ 
perature. By adjusting the conditions of the furnace any bagasse can be 
burnt so as to yield a fused or an unfused ash. A good example of this Is 
furnished by generator furnaces where such a high temperature prevails 
that the bagasse ash fuses into a glassy mass and clings to the walla of the 
furnaces in the form of glassy lumps. The special construction of the furnaces 
keeps the grates free, so that no obstruction in the air supply is experienced. 
Now this same bagasse can be completely burnt in other furnaces without 
yielding a fused ash. which proves that it is not so much the character of the 
ash as that of the furnace which gives rise to the molten state. Indeed, in 
the same furnace a flaming bagasse may yield a more fusible ash than a 
smouldering bagasse, and there is much mm need to guard against extremes 
in either direction, by changing the slope of the grate or the space between its 
bars, or similar expedients. If a bagasse leavhs a fused asb, it is much better to 
see if some change cannot be made in the position of the grate than to c<Hitinue 
scraping the grate bars at intervals. 

CondlUons goTmlng fuel Value.— Besides the chemical composition, the 
physical condition of the bagasse influences its fuel value. It often happens 
that, for a given grate area, sufficient steam is produced when hard canai^n 
being crushed, but that this falls short as soon as soft canes pass throughjpe 
mill. It soon appears that thb difference is due to variations in the specific 
gravity of bagasse fA>m different cane varieties as mentioned on page fifi. 
Thus, in the case of hard canes, a greater weight d bagasse lies on the grate 
than in case of soft canes, and this alone is sufficient to affect the draught, 
the admission of air, and perhaps other drcomstances also. £con<umc stoking 
may also be impossible In the case of some lands bagasse without making 
alterati<ms in the furnace or in the grate area. 

** HolaseaK.**—Ihe use of bagasse for the manufacture of ** Molaacuit ** 
will be discussed at the end d this Part (page 32S). 

Bagasse for Paper Maktog.— Many attempts have been made to use bagasse 
as raw material for paper, and though the result has been satisfactory in many 
cases, paper has not been produced from this material in Urge quantitiet. 
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Owing to the comparatively small quantity of cellulose in cane fibre, the large' 
perc^tage ot lignin and the quantity of soda required to remove the latter, the 
cost price of such paper most be rather high. In countries sudi as Louisiana, 
where fuel and chemicals are cheap, and where there is an abundant supply of 
pore water for washing the pulp, the. manufacture of paper from bagasse may 
have good prospects before it, but for countries where ^emicals and fuel are 
very expensive, or where good water is scarce, the future of this industry is 
doubtful. The manufacture of paper from bagasse was started some years ago 
on a sugar estate in Texas but had to be abandoned ; but more recently a 
successful enterprise has been repmed from the Tacarigua Estate, Trinidad,* 
where very fine wrapjnng paper, tluU ran aLsii be printed on. bi-cn manu¬ 
factured from bagasse. This paper b, however, not made from bagasse alone, 
but from Para grass (16 per cent.), bamboo (20 per cent.), and bagasse (66 per 
cent.). 

Dr. Viggo Drewsen succeeded at the Cumberland Mills, Maine, in making 
an excellent printing and letter paper solely from bagasse from Loubiana and 
Cuba. The average yield was 60 per cent., and the paper was prepared by 
heating the bagasse under pressure with a large amount of caustic soda. 

But although the prospects appear very promising, high-class paper has 
not yet been manufactured frenn bagasse on a commercial scale. 

An exception has. however, to be made (or a coarse kind of paper made 
at the Olaa fact<^ in Hawaii, which b extensively used for mulching in order 
to keep down weeds. When the cane tops have been (Wanted the rows are 
covered with long strips the paper in which here and there longitudinal 
cats have been made. The paper covering prevents weeds from growing, 
but the young cane stems pierce thro\igb the cuts. This paper, which of course 
need not be ot superior quality, b also used in the pineapple plantations in the 
Hawaiian Islands, wdiUe it b said that in Australia it will al^ be used in cane 
coltuaticn for the same purpose. 

Marrero, in Louisiana, the Cclotex Company has built a factory, which 
diverts bagasse into boarding material. The bagasse bales, entering the 
min, are opened and fed by conveyor through a shredfier to the cooker, in 
iHiich the resins, waxes a^ gtmilar constituents are removed, leaving the 
fibres tough and flexible. As in the case of ordinary paper, fibre separation 
is obtained treatment in beaters and refiners. Waterproofing material is 
^dd ^^ at this stage and the pulp pumped to storage tanks, which feed a machine 
MHng the fibres into a continuons board 12 ft. wide, which board b framed in 
one operation, and b not built upof separate layers.«Passage through an 600IL 
continiioas hot air dryer removes absorbed water and all that remains to be 
done b to cut the board by means of cross-cot and rip saws into standard 
4 ft. widths, the length varying from 6 to 12 ft. as desired. It finds use for 
roofing, the exterior finish for plantation offices and the like, for the con¬ 
struction of refrigemtor cars, cold storage warehouses, etc. 

• 9mm Joml.'* IWg M 
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CLARIFICATION 


L—Introdu ction 


Principle.—The turbid, viscous juice from the mills is not fit to be worked 
up into sugar without darification. and the first step is to submit the juice 
to such treatment as will remove as complete as possible the viscous and gummy 
constituents. As sucrose is very liable to decomposition by micro-organisms, 
which results in sourness, inversion and fermentation, and as cane juice is 
a very suitable medium for their development, it is necessary to bml the juice 
Immi^ialcly. whereby the albuminoids are coagulated and the further develop* 
ment of the micro-organisms checked. It is also necessary to remove all 
impurities, both dissolved and suspended, so far as is jmcticable, without 
spending too much on clarifying agents, which may cost more than the results 
are worth. 




The purpose of clarification is, therefore, to free the juice as quickly as 
able from all constituents except sucrose, without alteration of the sucrose 
itself, and to perform the necessary alterations without delay, since it is only in 
concentrated solution that sugar is unaffected by ferments and micro^nganisms. 



Influence of MierD-Organlsms on the Julee.—The cane hauled into the sugar 
mill carries an extensile flora of micro-organisms on its rind, while the earth 
adhering to the rootlets also harbours an innumerable growth of bacteria, 
so it is not surpridng that every now and then some species or other of micro¬ 
organism causes trouble, and that in general good care has to be taken to 
restrict the nefarious consequences as closely as possible. 


Bolk* reports the results of mill contr<^ in which the amount of sucrose and 
the quantity of the juices frtm the individual units of the train were accurately 
recorded, and compared with the corresponding data of the total mixed juice. 
The investigations were performed as accurately as possible; the imlling plant 
bad no subterranean cc^uits, so that no juice c^d be spilled by leaks or 
overflowing; and yet out of the 60 factories under consideratioo the number 


• Ai^ worn 4^ Jm SaUwfaSiMtih," 1915, 147i 
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•; of those, in wiiich the total quantity of the sucrose in mixed juice was equal 
to the sum of the sucrose stated in the individual juices, amounted to 4; the 
balance of M reported a shortage. 

These deficits were divided as follows, expressed in percentages of the 
sucrose in mixed juice 

8 under 0*2 
8 were 0*2-<^*4 
5 0-4-0-6 

5 O-fi-0-8 

iO 0*8-1 *0 

16 „ l*0-l-5 

3 1*5^24) 

1 was 3*1 

66 


It may be that analytical errors arc included in (he figures for the loss, 
but they cannot be considerable, for in this case where all the weighings and 
determinations of the intermediate juices have been carried out in exactly the 
same manner as those of the mixed juice, faulty analytical methods would 
conduce to identical errors, the influence of wliich would check the rest. It 
is. therefore, a fact that between the mill and the measuring and weighing 
tanks relatively much sugar is lost through inversion, and that therefore a 
thorou^.and constant cleaning comUned with an occarional disinfection of 
juice-gutters. sand-boxes, measuring tanks, pumpnng conduits, etc., is strongly 
to be recommended, while the route which the juice has to travel from the mill 
to the defecators needs to be a.s short as possible. 

In case it is thought necessary to include sand-boxes or stonc-catchers in 
the P^h of the juice, it is advisable to have them shallow, and to empty and 
repeatedly in order to prevent miotHwgani.sms from accumulating 
at the bottom and spoiling the juice. If possible, the gutters and tanks should 
be in duplicate in order to allow one set to be disinfected while the other one 
is in use. so as to have always apparatus exempt from bacteria so far as this is 
feasible in practical working. It is also necessary to wash the mills daily. 
wbil4 in case of a serious infection, waiting with a one ^ cent, solution of 
ammonium fluoride will be found a useful disinfectant. 

Among the micro-organisms which do most harm at this stage of vmnvt’- 
facture, Leuconosioc mesentmoidis should receive first mention. Lettconosicc 
grows very rapadly in alkaline sugar solutions and only very slowly in neutral 
or add ones. When, therefore, the cold juice is limed in the measuring tanks 
and flows through pipes, cocks, or valves, even a slight infection with Leuco- 
nostoc may cans6 these to become choked. A small deposit of dextran in such 
places ia apt to grow very rapidly in the current of alkaline juice. On the 
other hand, the growth of iM^oneshe is soon checked in a small tank, 
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because this oi^nism produces* add substances which are detrimental to 
itself. But. when growing in a pipe or other locality through which alkaline 
juice is constantly passing, the liquid never becomes add, or even neutral^ 
and the development of the oiganisni is incredibly ra|Md. Instances where 
large pipes have been speedily choked would surprise those who witness the 
occurrence for the first time. It is evident that in unlimed (add) juice the 
formation of dextran cannot proceed, and there is consequently no fear of 
clogging the bores of cocks or valves. In cases of infection with Ltuconostoc, 
it is therefore advisable to pump the unlimed juice through juice heaters and 
thus kill the germs of the bacteria, and to lime the juice afterwards. Experi' 
ments on this point have proved that canc juice may safely be heated for a 
few minutes td over 100^ C. without inversioD. 

De Haan* found a second onanism in the juice, Oiiium IfrricuU, an inmate 
of the earth, adliering to the bottom ends of the cane. This organism does 
not attack sucrose and may in this respect be conddered as relatively innocent^ 
but it attacks reducing sugars with the formation of acids having soluble 
lime-salts, which cause the juice to acquire a large amount of those s^ts after 
tempering and to yield a larger amount of molasses than in cases where the 
Oidium is absent. Finally, de Haan detected the* presence of lactic acid 
bacteria which thrive in the juices and also form an acid having a soluble 
lime-salt. These bacteria, contrary to those referred to above» do attack 
sucrose and therefore cause likewise a direct loss by inversion. * 

Since all those organisms are idUed by heat, ra|Hd work is the best way 
to get the juice to the stage where their obnoxious influence is checks, while, 
as has been said above, cleanliness and disiniection are the best aids to success 
in this respect. 


PrlneWes of ClartfleadoiL^Tbe aim of clarification is in the first place to 
prevent non-sugar being formed afresh in the juice and next to remdtus 
far as possible the objectionable matter which may be present. A furtSV 
requirement isra^d work, while the high temperature irtiich is required to kill 
ferments and to promote clarification has. on the other side, the drawback of 
affecting sucrose by charring orby* overheating. 

Before starting to discuss the methods of clarification with thm 
advantages and defects, we have first to point out cleariy what is to be 
understood by clarification and which troublesome or obzmxious substances 
we have to get rid of. * * . 

On conadering the clarification of cane juice from a general viewp^t» wt 
perceive that its final object is twofold, vix., to make the juice clear| as well as 
to make it light in colour. Further, we see that of these two requirements the 
former is the principal one, the latter being only of minor sigaificance, and in 
most cases being already included in the first menti<med.^ 


vmt 6 $ Java SofliMvattia,* I9K ISSt 
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Phystoil Hfttan of ClAriflotttoiL —Up to a short tine the chemical side 

of the qoestioD had claimed most attention in the study of clarifi^tlon. 
Starting from the fact that lime is the universal clarifying reagent, applied 
either in small or in large jH^oportionH. and is capable of transforming the 
viscous, slimy and turbid raw juice into a limpid and dear liquid, the chemical 
reactions of lime on the various constituents of canc juice have been the 
object of careful investigation and consideration. Under the spell of the idea 
that darification by lime throws down not inconsiderable amounts of im« 
purities, great value has been attached to the figures shoring the increase 
in the quotient of purity as tlie outcome of darification. Whenever a new 
darifying agent has been introduced (and everybody knows that this has 
occurred quite frequently), an enormous increase in that quoti&t has always 
been said to have been one of the salient advantages of the discovery. 

It is, however, not dear which of the non-sugars of the juice may be removed 
by the application of the great variety of chemicals proposed; nor is it easy to 
see how a relatively small amount of chemical could possibly preciptate great 
quantities of objectionable non-sugar on being added to the juice. Finally the 
analysis of the filter-press mud, in which the harmful or undesirable impurities 
ought to be present in a concentrated form, has failed to throw any light on the 
subject. 

In consequence, we are forced to the consideration that the darification of 
cane juice does not aim so much at the removal of a large amount of impurities 
as at ^eciing a radical change in the jdiysical properties of some of the con¬ 
stituents of juice* 

Hoeeulatlon of the CoDoIdL^First of all. we are inclined to think that there 
occun a change in the degree of dispersion of bodies present in the juice as 
odllcn^, which not only do not subside, but, owing to their protective action, 
abo jevent certain kinds of insoluble matter, such as earth, day, bagaciUc, 

tW, etc., from settling or escaping. The properties of the mixture thus 
resulting account for the sticky and slimy character of the juice. 

If these considerations are correct, the chief object of c^rification will have to 
be directed towards changing the degree of dispersion of the colloidal con* 
stitntets of the juice in such a way that they become insoluble and subside. 
As soon as the coUdds are thrown down in this way, the insoluble matter beU 
in saspensi<m by them is allowed to subside, or to rise to the surface, according 
to tts.^ecific gravity, leaving the juice in any case clear and limpid. 

Before making a choice between the diBerent agents which promote the 
flocculation of the colloids, we have to ascertain the teal character of the latter. 
In the literature of sugar cane are found many statements that gums, pectins, 
albuminoids, etc., account the stickiness and resistance against filtration of 
cane juice, but there is no certain prod that the bodies mentioned are to be 
consideFed as the red cause. Neither albuminoids nor gums, noc pectins, occur 
in appreciable proportiems in the |,uice: and we ourselves fed inclined to 
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adhere to the hypothesis of Mullet ,* who believes a colloidal silidous compound 
to be one of the phm ipal causes of the viscosity of cane juice. 

Among the means generally in use to promote the flocculation of colloids 
the foUowing may be mentioned here:—(1) Addition of an electrolyte ; (2) 
Action of the electric current; (3) Change in the reaction of the solution; 
(4) Elevation of the temperature ; (6) Adsorption by auiace^attraction using 
porous or flocculcnt materials; and (6) Separation by centrifuging or ultra* 
filtration. 

In this discussion it will be seen that the various methods of clarification in 
practical use may be classified under one or more of these headings. 

Addition of BleetrolytM**—Addition of an electrolyte to the juice will be 
rtK'cignizcd •'it nnee as not a very promising possibility, for if the quantity 
required is large, the expense will be prohibitive; while, moreover, the great 
amount of salts introduced will immobiliac too much sugar in the final molasses 
and thus cause too great a loss. Small amounts of any electrolyte arc surely 
useless, for if there existed a material which in small doses could cause the 
colloids of canc juice to flocculate, it must have been among the many hundreds 
of chemicals which have been recommended for use in clarification during the 
course of time. As it is known that none of these has been successful, we do not 
hold out any hope for the application of electrolytes for the purpose in view. 

AeQon of the Blectrie Current.—Better assistance may be expected from the 
electric current, although the results of manifold experiments in treating juices 
with electric currents of various degrees of intensity, uring all kinds of electrodes, 
combined or not with dialysis, have not been able sat^actorily to solve the 
problem. 

Change in the Reaction of the SoluUon,—In our oi^ion the best result^nay 
be expected from the proper tempering of the juice, so that the exact 
at which the colloids coagulate is reached.' This tempering, combined with 
high temperatures, constitutes the well-known method of Defecation which 
has been in use for centuries all over the world. 

On adding continuously small amounts of milk*of-lime to boiling cane 
juice, and observing the appearance of the mixture after each addition, a 
precipitate is seen to arise already after the first portion, this increasing after 
further additions till it reaches its maximum. At the same time a gradual 
change in the character of the precipitate is observed. At first it is suspended 
in the juice, but gradually it becomes less bulky, subsides easily, and leaves 
the supernatant liquid clear. It may happen that with further additions of 
lime the precipitate swells more and subsides less rapidly; but. at any rate, 
in every cane juice a point may be observed where the proper^'amount of lime 
brings along rapid and complete subsidation. • 

• ** UL mu 579. 
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The determinatiOD of this pcnnt has offered great difficulties up tu now 
because of the lack of a reliable and rapid method which enabled one to find, 
at once, the real point up to which the juice had to be tempered in order to 
get the best results. In many cases the reaction to litmus or turmeric paper 
was considered to be the criterion, or the filtered juice was titrated with N /28 
acid, and a certain alkalinity was adopted for general use, but in most cases 
the degree of tempering was ascertained in an empirical way for the juice under 
treatment. Whenever cancs having a different constitution to those previously 
treated were being crushed tlie point in question had to be ascertained anew, 
which rendered proper tempering a rather uncertain operation. 

It has, however, been proved by GcbcUn* and others that the proper point 
of flocculation of the colloids in cane juice stands in direct connexion with the 
hydrogen ion concentration of the juice. After hanng determined once and for 
all empirically, either in the factory or in the laboratory, at which hydrogen ion 
concentration Uic subsiding of the hot’ttmpcred juice is at its U'St and com* 
pletest, the only thing to be done in future is to temper the juice tilt it has 
attained the required potential. 

This pdnt may very easily be determined by means of slips of paper soaked 
in solutions of one or other of the many colour reagents which have come in 
use since the publication of the experiments of Lubs and Qark.t 


Gebelin showed that the optimum tempering point lies at a pH of 7*2 at 
ordinary temperature ; and, as in that case the juice is almost neutral, there is 
the great advantage that no action of alkaline bodies on the reducing sugars 
is to be feared, coloration due to that occurrence being thus excluded. 


Adsorption by Surfaoe Attnotlon*—This simple defecation process permits a 
good subsiding of the juice, so that the supernatant clear liquid may be syphoned 
a muddy layer; but this clarification is not thorough enough to yield 
sjuice fit for the manufacture of white sugar. In order to clarify a juice for 
that purpose, we avail ourselves of the property of colloids to adhere to porous 
or flocculent materials introduced in the juice to he clirified. 

One instance of this property, extensively applied nowadays, is the use 
of infusorial earth (as "FUtercel*') and of various kinds of vegetable carbons, 
which absorb the colloids and carry them to the bottom of the setUiixg tanks. 

The sulphitatioD and the carbonatation methods are based on the same 
prindple of removing colloids by surface attraction# More lime is added to the 
cane juice th a n is necessary for the optimum pH, after which the excess of lime 
is removed by either sulphurous or carbonic add tiB the proper range of hydr^ 
gen ion concentration is obtained. 

These adds form insoluble lime-salts in the liquid, which, udiile forming and 

PkAte.* 190, 71. Ko. 9. ITS. 
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148 


CLARIFICATION 


I 

subsiding, allow the colloids to become incorporated in their interstices, thereby 
leaving the juice clear and liin^d. Alternatively, one can sulphite the juice 
first to a distinct acid reaction, and lime back to the exact pH, in winch case 
the precipitate of calcium sulphite effects the same purpose of attracting the 
colloids. 

Effect of Defecation on the QnotieDt.—It is seen from those instances that 
every method in practical use corresponds to one or to a combination of some 
of the suggested means of causing a change in the degree of dispersion of the 
colloids. Notwithstanding the seemingly chemical character of many methods, 
their action is only a physical one. so that in reality no great quantitative 
changes take place during clarification. 

This explains why generally the quotient of purity of a clarified juice does not 
differ greatly from that of the original raw juice. Very little non*sugar has been 
eliminated from the juice, and therefore the quotient of purity docs not undergo 
a great increase. 

We quote from the statistics issued by the Java Sugar Experiment Station 
(he following data on the increase in quotient of purity from raw to clarified 
juice during the many years of its existence> 


1905 .. 

1-7 

1912 .. 

1-7 

1919 .. 

1-6 

1906 .. 

1*6 

1913 .. 

1-8 

1920 .. 

1-6 

1907 .. 

17 

1914 .. 

0-7 

1921 .. 

i-e 

1908 .. 

2*0 

1916 .. 

16 

1922 .. 

1-6 

1909 .. 

2-0 

1916 .. 

1-3 

1923 .. 

1-7 

1910 .. 

1*9 

1917 .. 

1-6 



191! .. 

1-7 

1918 .. 

1-4 




Nor do the separate individual figures generally show any great divergencies. 

s 

It is true that sometimes instances are mentioned of a very great increase 
even a decrease. In such cases it has been found that dther very heavy 
substances (as sand or clay) or very light ones (as air) were held in suspension 
by the colloids of the juice, thus infloeocing the readings of the Brix hydromettf 
with the aid of winch the quotient of purity is determined. As soon as the 
colloids flocculated and became insoluble, they released the suspended bodies, 
which then either settled or escaped, their delusive action on the Brix hydr^ 
meter thus being eliminated. 

As the colouring matter of cane juice is one of the ccfloida,,any method for 
removing these bodies serves at the same time aa a decdloruing de^ce, wMdi is 
quite sufficient for the manufacture of raw sugar. 
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StnUnen. Sandbozet. C^ntrtfiiaals.—Juice from tbe mills passes through 
strainers having a gradually decreasing width of mesh, which keep back the 
coarse pieces of bagasse. Further, it is conducted through a sandbox, where 
heavy particles, as sand, day, etc., are separated, but, although these devices 
keep back not unimportant amounts of impurities, yet they arc unable to 
remove colloids. We know of centrifugals by Hignctte, Kepke, Sandford 
and others, in which the limed juice, either cold or warm, is separated into a 
hard crust of filter mud and a dear juice, but that is not what wc mean here. 

The centrifugal invented by Mauss* for use with raw juice daims to remove 
96 per cent, of the floating and suspended material from the juice. It comprises 
a drum composed of a number of separable sections of conical form, which are 
pressed apart axially by springs, tbe raw juice being introduced through a pipe, 
and the solids deposited in the spaces, the dear juice escaping by a channel at 
the upper end of the drum. After running the machine until a certain amount 
of solids is deposited in tbe chambers, the supply Ls stopped, and the drum 
sections separated. The fuUy separated solids escape through the outlet, 
while the partially separated solids and liquid are carried back to the supply 
vessel. In the case of a machine in which the diameter of the drum is 2 ft., 
the speed is 1000-2000 revolutions per minute. 

A second apparatus for the removal of coUdds isthe ultra-filter constructed 
by Plauson, which may remove partides having a diameter of one miUionth 
part of. a millimetre. It consists of a perforated metal cylinder, covered at the 
outside by perforated rings or plates which may be tightly pressed together 
by screw bolts. The perforations consist of elongated slots, adjacent plates 
b^g arranged so that the slots of one are at right angles to those of the other. 
This arrangement forms a filter element In whi^ openings of the pores may be 
varied at will only by changing the position of the screw bolts. A slimy layer 
is de^isited on the interior side of the cylinder, and is kept at a constant 
ess by a worm vrith decreasing pitch towards the discharge, which 
constantly scrapes off the dirt, only maintaining a thickness of 1-2 millimetres, 
this in fact constituting the proper filtering surface. The cylinder is therefore 
intemally coated with a felt blsmket. The juice is forced Into the drum under 
heavy pressure; passes the filtering layer; and leaves tbe cylinder through 
the ports ; while the dirt scraped off by the wmn is pushed outside through a 
trap. 

In this book we shall only treat of the manufacture of raw sugar. Processes 
for the manufacture of white sugar in cane sugar factories have been described 
and discussed in a separate work by the author: ** Practical White Sugar 
Hanufaciure/'t to which we take the liberty to refer the reader. 



11.—Methods of Clarification 


A —TREATMENT OF THE RAW JUICE. 

PrlD4)lple. —'As wc have shown before, the aim of dariheation is to temper 
the juice with lime up to that concentration of hydrogen ions at which, in 
connection with the high temperature, the best tiocculation and subsidation 
of the colloidal constituents of the cane juice is attained. 

It is therefore evident that, in tite hrat place, the determination of the 
amount of lime proper for the attainment of the optimum range of hydrogen 
ions is of the greatest importance, and next comes the raising of the tempera* 
ture of the juice* to the highest point which is still compatible with the risks 
of charring and overheating, 

Since the optimitm range for the hydrogen ions in the clarification of cane 
juice is about pH 7 or slightly under, the breaking up of reducing sugar by 
alkalis or by lime, which in former days was apt to cause a dark coloration 
of our juices, is no longer to be feared and may indeed be left undiscussed here. 

Tempering.—When determining the amount of lime to be used for proper 
tempering, we add as much lime to the juice as seems appropriate, say two 
gallons of milk^f-limc of 15^ Bcaume to 600 gallons of juice, and effect dari- 
fication as usual. A sample of that clarified juice is poured into a glass cylinder 
for subsidation. In the next darifier a somewhat larger quantity of xnilk-of* 
lime is used in tempering, and a sample of the defecated juice is poured into 
another cylinder glass. Further, a smaller amount of milk-of-lime fba^^ sed, 
so that we get a scale of samples representing the different amounts of 
of^Ume added to the juice. That sample in which the sediment settles best and 
quickest with the least amount of lime is selected as the standard one, and is 
used for the determination of the pH range to be adopted in future. 

DetarmlnadoD of the Value for pH. —In the chemical laboratory the best 
and most accurate method for the determination cd the concentratiem of 
hydre^en ions in solutions of pure bodies in water is by the potentiometer. 
But in the viscous and sHfity cane juice the electrodes would very soon become 
coated with a deposit which would hamper the conductivity, while in addition 
the rather subtle measiirements cd a sensitive voltmeter are out of place in 
the noisy and vibratory atmosphere of a sugar-house laboratory in the turmoil 
of the grinding season. 

i 

Hence, we avail ourselves rather of the many colour indicators that have 
come into universal use since the brilliant invest igatiems <d Clark and LubA 
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Since we have only to deal with a range between 6 and 7*5 for the pH. 
we may confine ourselves to the following indicators i— 


Namb op Rbagbmt 

Rakcb op 
pH. 

CoLout Raxce 


PU>K—TO 

FEOM — 

TO 

Bromcresol purple 

5*2 O-fi 

yellow 

purple 

Brom thymol blue 

6-0 7 6 

colourless 

blue 

Corallin 

6-9 8-0 

yellow 

red 

Phenol red 

6-9 S-4 

yellow 

red 


The following methods may be used: A drop of the juice under examination 
is mixed with a drop of the proper indicator solution* upon a piece of opal 
glass. About this are placed drops of the standard juice and each is mixed 
with a drop of the indicator solution. Direct comparison is then made. The 
porcelain indented plate used in the titrimetric determination of reducing 
sugar with Fehling's test solution may also be advantageously used. 

It is. however, much better and simpler to use slips of paper soaked in tlie 
solutions of the colour reagents and afterwords dried. Once and for all. a 
suitable reagent paper is selected by testing various papers with a juice giving 
the best practical results in clarifying and subsiding. In the factory every 
juice is tempered till it produces, at the temperature adopted as the standard 
one. the proper coloration on the selected paper dipped into it. 

Proceeding thus, every juice may very easily and accurately be tempered 
to the very best degree and aU difficulties encountered up to now in tempering 
the juice extracted from varying lots of cane may be avoided in a very simple 
manner. 

The question of the temperature to be applied will be discussed during the 
description of the various methods of clarification. 

^i>4^^eaUoii Methods*—Defecation may be conducted in either of two ways, 
depending on the manner in which the precipitated impurities separate from 
the juice. In the first method the juice is allowed to subside in the same 
vessel in which it is heated, while in the other the limed and heated juice is 
run into settling tanks. 

When adopting the first method the juice is strained through copper gauie 
screens, measixred and limed in the measuring tanks, passed through juice 
heaters, wduch raise its temperature to about 90^ C.. and finally enters the 
defecators, where it is further heated to the boiling ^int. 

The defecators are hemi-spherical copper pans, with steam jackets into which 
steam is admitted during the time that the juice fills the pans. The precipitated 
impurities coagulate, envelop the suspended particles and (air bubbles escaping 

* if pre p i K d Ift ih0 ffiflowtof Binar ^ 400 ncrM. oi tSa lodkatan an dlnolvad In !00 

PM. ol tet akflbal tad 0*0 pv not oolatiooa tkoa obttM an kapt n itaodaidt la m than aUo^ 
BMiaw M tfaead vhk wtm; tbm a4 aMWpBal Mat, t wcmn l pwpla tad aorUlloJa tOt nUa of 
n 10 aad tkai ol pbMol nd c4 1:20. for tOa e wM Uec al mtmt ptfMo. ikna g4 OJmim PW an 
Wr i Q^ tad <rttk tbm dPo^ drtid oa a faa la aa add-mo a tan gii n . aad oat MtoMaU tttfpf. 

L 
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(rom the hot juice), form a fr^hy, dark<olouTed layer of scums, undemeatl 
which is the clear juice. Only the heavy impurities, such as sand. day. &c. 
sink to the bottom and form another layer, so that the juice is separated iht< 
three layers, of which the middle one. consisting of clarified juice, is the greatest 

Settling and Deoantlng.—The juice is heated until the layer of scum begim 
to burst (cracking pdnt); the supply of steam is then shut off. for» if not 
the juice would boil over, and be partly lost. The juice is now allowed to settle 
and afterwards let off through a drain at the bottom of the pan. which is fittcc 
with a pipe dosed by a three-way cock. By turning the plug one is abh 
to draw off successively the heavy impurities, the dean juice, and finall} 
the scum, each of these being conducted into its own gutter. The first anc 
third portions, i.e., the heavy impurities and the scums, are run into the scuir 
tank, while the dean juice is conducted to the evaporators or to the eliminatinf 
pans. The three-way cock and the gutters should be placed in an easily 
accessible and well-lighted position, so as to admit of complete control. Ir 
order to fadlitate the decanting and the separation of the dear liquid from th( 
mud and scums, some defecators have two outlets at the bottom, one for thf 
sediment and the other for the dear juice: the Utter carries a pii>e which 
extends above the surface level of the sediment within the tank, ^en the 
defecation and subsidation are completed, the latter cock is opened and the 
clarified juice discharged, without risk of contaminating it with the subsided 
mud. which remains below the outlet level of this pipe. The darificd juice 
is allowed to flow out until the scums approach the open en<l of the pipe, 
whereupon the cock is dosed and the other discharge pipe opened, when the 
subsided mud. scum, and thin layer of clarified juice between these two. pass 
into the scum tank for further treatment. 

In the other method, the limed juice, after having passed through a juice* 
heater, is boiled in iron pans, through which steam is led by moans 
As soon as the juice boils, a cock is opened at the bottom oi the pan, 
hot juice flows into the settling tanks, where the separation of the clear juice 
from the scum takes place. As in this case the air has been completely driven 
out by the ebuLHtion, the scum does not remain as a froth on the surface, but 
settles gradually, leaving the juice quite dear. 

Pans.—Some factories are provided with special cylindrical iron pans 
having broad gutters. In these pans a steam calandria is suspended, readiing 
nearly to the bottom. This is perforated by a number of tubes through which 
the juice circulates, and is thus caused to bdl rapidly. 

As the frothy scum rises to the surface, it is driven into the gutters by long 
skimmers, whence it flows into the scum tank. When no dark-coloured 
particles are visible at the surface, but only a white mass 0 / steam bubbles, 
the steam supply is stopped and the juice with the heavy impurities b let of! 
into the settling tanks. 
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Cootliiaoas IMMatlotu —In muiy places the juice is heated to the ^boiling 
ppint in the juice^heater, and then allowed to Sow through one or more paps, 
in which it b^ls rapidly, and thence passes into the settling tanks in a continuous 
stream. In this case no skimming can take place, but as the boiling breaks up 
the layer of scums, this mixes with the heavier deposits and does not interfere 
with the subsiding in the settling tanks. 

It is not advisable to pump the juice tlirough the juice heaters too quickly, 
as it frequently happens that the time during which the juice is heated Is not 
sufficient to allow of complete defecation. Even when using very powerful 
juice-heaters, one should not omit to bdl the juice in a defecator before it is 
discharged into the settling tanks. 


Demlng'i Bysten of Clartfleatloih— A third method of defecation, devised 
by Deming, has come into use, in which the limed juice is superheated and 
subsequently passed through continuous subsiders. The limed juice is pumped 
through three vessels, in which it is heated under pressure to over 110^ C.. and 
afterwards cooled to about 100^ C., so that the juice entering the apparatus 
at the ordinary temperature is heated for about 45 seconds at a temperature 
of 110-115^ C, and leaves it at a temperature of 95-100^ C. 'flic three vessels 
are horizontal cylinders, in which tubes of 2 in. diameter are fixed and connected 
with each other by chambers at either end of the cylinders in such a way that 


the juice flows backwards and forwards through the tubes with great velocity. 
Two of the vessels are called " absorbers "; the third (having the largest 
dimensions) bears the name of '* digester.*' In the first absorber the cold 
juice is introduced outside the tubes, but passes through the tubes of the 
second absorber, around which exhaust steam is circulated. Afterwards the 
juice flows through the tubes of the digester, is heated by live steam to the 
requjjgd temperature of 110-115^ C., and finally passes through the tubes of 
absorber, where it imparts its superheat to the fresh juice surrounding 
the tubes, heating it to 40-60^ C. 


Beale on Domtng Tahef« —Owing to the high velocity with which the juice 
is forced through the tubes there is no fear of scaling, in fact they remain 
quite clean after some months* use. The apparatus <mly now and then requires 
a thorough cleaning with hot dilute hydrochloric add, more espedally the 
outside of the tubes in the first absorber, which get coated with mud from 
the cane juice, * 

An analysis of the air-dried scale from the outside of the tubes gave the 
figures tabulated on page 154. The scale, we see, consisted of caldum 
phosphate, other lime compounds with oiganic matter (adds, albumin, 
pectin), ^ch changed into caldum carbonate during combustion, sand, 
flay, and partially* caramelized constituents of the cane juice, which had 
oecome overheated by .contact with the tubes. 
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Moisture *. 4*66 

Organic matter. 52*56 

Insoluble in hydrochloric add .. .. 9*12 

Lime. 14*22 

jA Magnesia. 4*95 

% Iron oxide. 2*18 

^ Alumina . 0*65 

Phosphoric add. 1*92 

Sulphuric „ 0*27 

Carbonic .. 8*20 

Undetermined . 1 *27 


100*00 


Advantages and Disadvantages.— Each method of defecation has its advan¬ 
tages and its defects. The advantage of the first method is that the juice is 
not heated to its boiling point, hence steam is saved* and* further, no danger 
of inversion or decomposition is to be feared. A drawback, however, is the 
great number of expensive defecators required if a properly clarified juice is to 
be obtained. 

The common defecation pans with cdls are easy to clean, which is not the 
case with the pans in which the juice is boiled in tubes of small diameter, unless 
a sufficient number of these are available, enabling one pan to be spared for 
cleaning while working with the others. The skimming off of the light 
floating impurities has the disadvantage of keeping the juice for a long time at a 
high temperature, involving extra expenditure of steam, and possible decom¬ 
position of a portion of the sugar; though, as will be shown later, this danger 
is not a serious one. 

Against tliese disadvantages must be set the prompt removal of thef^^cr 
portions of the scums in the skimmings, leaving only the heavier and zriS, 
quickly subsiding portion to settle in the tanks; this saves much time and 
increases the working capacity at this stage. 

The advantages of superheat clarification arc economy of steam, labour, 
space, and the fact that superheated juice subsides better than boiled juice. 
Yet no cliflcrcnce in the chemical analysis is to be detected in the juices clarified 
in cither of the methods discussed here. The only real difference lies in the 
economy of heat and labour. 

AcoMSories to Proper Defeeation.—In many cases the volume of the pre¬ 
cipitate brouglit down in the juice by the j^oper amount of lime necessary 
for obtaining the optimum pH fails to remove sufficiently the Q>Uoids from the 
juice. In such a case a g^ clarification may be obtained by adding to the 
juice bodies which are apt to form a porous or a flocct^t deposit, which 
drags down with the mud the colloidal and floating particles. 
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Years ago an emulsion of clay Ind water was recommended to 
promote subddation, but this rather crude material has not found genera] 
employment. 

lofascrlal Barth.—More recently we have heard a great deal of infusorial 
earth (kieselguhr) for the same end. and an American preparation especially, 
called Filtercel/' is claimed to yield good results in this respect. A quantity 
of 1 to 4 pounds of Filtercel to one ton of the limed juice is inquired if 
raw sugar is to be made» while a much larger amount up to 25 i)ounds \kt ton 
of juice is thought necessary in the manufacture of plantation whites. 

Salphftatlon.—Instead of mixing the juice witli materials poured into it, 
wc may make use of the capacity of precipitates arising in the liquid of accumu¬ 
lating colloids, and in this respect mention must be made of siilplutation. by 
which process an abundant deposit of calcium sulphite is formed which 
admirably serves our purpose. Tlie oldest method of sul phi ting cane juices 
dates from the beginning of the last century, and is still used in a great many 
sugar-houses. 

The Sulphur Box.—It is carried out in the so-called "sulphur box," a 
wooden upright vertical chamber about 12 ft. high. At about each foot of 
height are fastened borisontal perforated plates or some other device intended 
to divide the flow of the falling juice into a shower. The sulphur fumes enter 
the box at the bottom through a pipe and are drawn upwards through the box 
by a jet of steam at the top, which acts as an aspirator. The cold mill juice 
flows into the box at the top. falls on the topmost plate, where it is divided 
into a shower, trickles down on to the next plate, and so on till it reaches the 
bottom charged with the sulphurous acid, from the upward current of sulphur 
^fim^l^Which it has encotutered. 

Sulpburlsg Tanks*—A more modem and more compact apparatus consists 
of a tank, some 4 to 5 ft. high, in which the sulphur iumes are conducted 
through a wide pipe ending a few inches from the bottom. The fumes are 
forced into the juice by means of an injector, while the juice enters through a 
inpe at the bottom and overflows through a second outlet placed three feet 
above the level of the first one. During its passage through the tank it en¬ 
counters the current of sulphur fumes, absorbs the sulphurous acid, and flows 
out charged with the proper amount of gas, whicb may be regulated by the 
velocity of the flow of the juice or by the cock of the injector. 

In another device the juice is sulphited in a tank, in which two baffle plates 
are fitted, which force the juice, pumped into the tank, to flow first down and 
afterwards upwuds. These plates divide the tank into three compartments : 
the juice entering tfle first, passes through the opening between the bottom 
and the first baffle plate into the second compartment, where the current of 
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sulphur lumes is forced through*it. CoinMned with the bubbles of gas» the 
)uice passes through the opening between the top and the second baffle plate 
into the last compartment, whence it is dischai^ed, saturated with sulphurous 
acid, by a pipe at the bottom. 

Quarei Apparatus.—The Quarez system of continuous sulphitation makes 
the juice itself regulate the rate of flow of the sulphur fumes which it needs. 
Here the juice from the miUs runs through a pipe into a tank, which is divided 
into two compartments by a plate almost reaching to the bottom; from here 
it is forced by means of a Worthington pump through an injector, which is in 
direct communication with the supply pnpe from the sulphur furnace. By 
this arrangement the amount of sulphurous acid absorbed by the cane juice 
during its course through the sulphitation column may be regulated by the 
flow of the juice itself, while no draught takes place and no sulphur is uselessly 
burnt if the current of juice is interrupted for some reason or other. The 
juice itself is pumped back into the second compartment of the tank and leaves 
it by the overflow. Although the juice which is injected through the Quares 
apparatus has previously passed through a series of copper strainers which 
deprived it of the greater part of the " cush-cush." or b^adllo, yet this does 
not by any means preclude some fine particles of cane fibre passing along with 
the juice and at the end choking the apertures of the injector. It is therefore 
advisable that two injectors be fitted to every apparatus, so that the operations 
may be continued with the spare one, in case the other has become choked and 
needs dismantling and cleaning. When working with the Quarez sulphitation 
apparatus, the flow of the juice and of the ga.s is, as nearly as possible, regulated 
in such a manner that the juice coming out of it has a sulphurous add (SOg) 
content of about 0*06 per cent., equivalent to 300 grms. of sulphur per ton of 
cane. In the older apparatus just mentioned, the absorption of sulphurous 
add cannot be pushed so far; the average amount of sulphur, whici^dter 
being burnt can be incorporated in the juice, does not exceed 100 to 160 gntiM 
per ton of cane. The large amount of sulphurous add absorbed in the juice in 
the Quarez apparatuses certainly sufiident for the proper decolorization of the 
juice and for th^ production of an abundant predpitate with the lime added 
afterwards, while at the low temperature of the raw juice the degree of addity 
mentioned above, if caused by the sulphurous add, the hydrolysing power 
of which is relatively weak, is not high enough to be dangerous. 

Liming back.—The sulp^utcd juice is run or pumped into liming tanks, where 
as much milk-of-lime is added to it during its ingress as will make its reaction 
neutral or very slightly acid. 

The liming should be conducted so far that the juice does not impart a 
pnk coloration to phenolphthalein paper, nor a red one to blue litmus paper, 
in which case there is neither an excess of lime nor an excess of free sulphurous 
acid sufiident to cause inversion during the subaequent heating on defecation. 
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Brewster and Raines* recommend the use ^ the Clark and Lnbs' reagents 
and suggest sulphiting the juice to a pH of 3*3, to be controlled hy methyl 
orange or bromphenol blue. Later on, the concentration of hydrogen ions 
is limed back to a pH of about 7, which may be indicated by bromcresol 
purple or phenol red. 


These colorations are much more distinct than those obtained with litmus 
paper and give a much more accurate end*point. The liming should be per* 
formed or at least completed in large tanks, provided with a stirring apparatus 
which keeps the contents in slow movement. These tanks should have the 
capacity of half-an-hour's juice supply so as to facilitate the proper liming, 
which in this case has only to be finished once every thirty minutes. 


This continuous sulphitation should be adopted in every case where it is 
thought advisable to sulphite first and lime afterwards. It is evident that, 
notwithstanding the greatest care, it is not always possible to regulate the flow 
of juice and gas and the sulphurous acid content of the latter so strictly that 
the juice always comes out with the same acid content; and therefore it is not 
advisable to make use of this method of sulphitation if it is necessary just to 
neutralise a limed juice, as in such a case it might become either too acid or be 
left still alkaUne. Where the juice is sulphited first and neutralized afterwards 
with lime, there exists no necessity for a constant acidity and it is of no consc* 
quence whatever if the acid content varit's in the sulphited juice to some 
extent, since later it is entirely neutralized by the lime In the liming tank. 

If, however, the juice is to be limed first and sulphited afterwards, it is 
better to use intermittent sulphitation, as in that case the limed juice must be 
neutralized exactly by the acid. 


IntermltteDt SQlpUUtloii.--In the intermittent sulphitation process the 
iimedJRce is pumped into iron tanks, in which a current of sulphur fumes 
sulphur furnace is introduced, by which operation the excess of lime 
is neutralized, and can then be tested with reagent paper. As soon as the 
point of neutrahty is reached, the juice is discharged from the tank, which is 
filled again with a fresh portion of limed juice, so that every tankful is treated 
parately. 

Usually the sulphitation plant consists of four or five iron cylindrical or 
rectangular tanks, together having a capacity equivalent to the amount of 
juice extracted per hour. A factory crashing 1,000 tons of cane per 24 hours 
therefore requires a total sulphiting capacity of ft,000 gallons. The tanks are 
each covered with a lid fitted with a fiue to aDow the escape of the surplus gas. 
Further, they are provided with valves for the ingress and egress of the juice, 
a special valve ^r the sulphur fumes with lead and rubbv fittings, and a 
perforated iron c^tributlng pipe reaching to the bottom of the tank. A small 

• P«Mr fMd bKon tto Mton te Si«4t CtanMry «l SSrd UaiUaf ot Oc AMkw Chmk»\ SodMf, 
BifMihm, AS*., Apdl, 1922. 
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cock fitted a few inches below level of the juice, when the tank is full, 
permits of occaaonally taking a sample of the contents in order to check the 
course of the neutralisation. 

The Java Sugar Experiment Station gives the following rules to be observed 
when appl 3 dng the sulphitation process: The strained juice passes through 
juicC'heaters in which it is warmed to a temperature of 80^-85^ C, taking care 
to keep it as constant as possible within this range. On no account should it 
fall below 80^ C. in the sulphitation tanks. The Ume-cream is carefully sifted 
in order to eliminate all grit or coarse particles. 

As soon as the tank has been filled, the sulphurous acid valve is opened and 
immediately afterw^irds the milk*oMinie is poured in in a thin constant jet, 
taking care to keep the reaction of the mixture neutral or faintly alkaline 
to phenolphthalein. The last quantity of lime-milk is added at once in order to 
have one short moment of a strongly alkaline reaction. Finally, the sulphita¬ 
tion U completed till a neutral reaction to phenolplithalein results. 

In the case of small tanks in which sulphitation only requires a few minutes' 
operation, the milk-of-Ume may be added at once since its excess is neutraliaed 
in a short time. 

Depending on the quality of the juice, an amount of 3*5 to 5 gallons of lime 
cream of 15^ per 500 gallons of juice is the proper amount, 

A short period of strong alkaline reaction is indispensable for a good clarifi¬ 
cation : its duration should, however, be restricted to one minute .or one 
minute and a half, in order to prevent the breaking up of reducing sugar and 
colorati on. For thi s la.st reason th e addi tion of li mc-ercam should be tern porarily 
suspended at any moment when owing to untoward circumstances, the sulphur 
fumes supply is defective. 

The proper subsidation is constantly controlled by inspecting samples 
from every one of the tanks placed in a test-tube in a rack; while, 
the subsided juice is titrated: 10 c.c. of the juice should require not more than 
3 to 4 c.c. N /too soda against phen(riphthalein. 

9 

Tlic limed and sulphited juice is heated to boiling point in juice-heatm* 
which is in most cases quite sufficient, while occasionally a passage through 
a defecation pan is also necessary. It is to be recommended to exchange 
from time to time, say every 12 hours, the heaters for the raw juice with those 
of the sulphited juice. This is a great help against incrustations, as those 
from raw juice dissolve in^e sulphitated ones and tdee verstL 

Ineruitatloiu* —Incrustation of calcium sulj^te in the tubes of the evapor- 
ator is not only prevented by a well-conducted sulphitation to the proper 
degree of acidity, but also by a high temperature in the juice-heaters and in 
the settling tanks. Calcium sulphite dissolves less in hot juice than in cold, 
and heating to lOOX. is sure to induce the salt to crystallise out. If, however, 
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the temperature in the settling tanks sh<nild%ink, part of the sulphite may re* 
dissolve and crystallise out afterwards in the first cells of the evaporator, 
where the temperature is highest. This same fact teaches us that the tempera* 
ture at which sulphitation takes place has great importance not so much in 
regard to clarification as In regard to the incrustation of the juice-hcaters. 

Formerly when the reaction during sulphitation was started strongly 
alkaline, the temperature was kept low and did not exceed 50^ C., and in those 
days the tubes of the juice-hcaters were badly incrusted. The analysis of 
such a scale gave the following figures 


Silica .2M2 

Sulphuric acid. 7 *66 

Sulphurous acid .. 5*05 

Phosphoric add. 3 *78 

Iron oxide .. .. • • ,. .. 1 *33 

Lime .16*33 

Organic matter.. • • . # 34*75 

Water •• .. •. .. .• •. 8*25 

Undetermined.. •. 1 *73 


100*00 


A second one showed a much larger amount of sulphite and sulphate: 


Silica . 0*28 

Sulphuric add .. . •• 9 14 

Sulphurous add.. .. .« 27 *66 

Ume .30*78 

Alkalis. 0*56 

Iron oxide . 0*40 

Loss on ignition . 9*22 

Moisture.21*78 

Undetermined !• 0*19 


100*00 

Sulphitation applied at a high temperature may be considered a marked 
improvement, as ttiereby the troublesome incrustation of juice-heaters is 
greatly reduced. Yet the proper range of temperature is still an object of 
discussion. In the Assembly of Advisers to the Java Sugar Industry of 
1922,* lower temperatures were advocated, ranging from 60® to 85® C.; but 
in no case should temperatures of over 85® C. be allowed. Further, there is 
some difference of ^pinion as to the end*reaction on sulphiting. 

•**Ar*M Jm 1922. 12). 
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The Java Sugar Experiment Station* advises a maximum acidity against 
phenoiphthalein of 120 mgrms. SO| per litre, with a minimum of 30 mgrms. 
Other workers keep the acidity between 60 and 80 mgrmB. 

It is quite likely that the colour reagents of Clark and Lubs may prove . 
useful in the determination of the proper degree of sulphitation. In the 
event of a suitable colour reagent being established, the procedure would 
be to continue the gas supply till reagent paper dipped into the juice 
shows the desired tinge. 

Phosphoric Aold.--•Besides sulphurous acid, phosphoric acid and its salts 
find application in the sugar indastry. The acid combines with lime to form 
a flocculent precipitate which attracts colloids from the juice, thereby cleaning 
it. The different preparations used for this purpose are discussed on page 171. 

B.—SUBSIDATION 

Intermittent SabsIdatlom--Thc hot juice from the juice-hcaters and defeca¬ 
tion pans is carried to settling tanks, in which it is allowed to subside and to 
split into a supernatant loyer of clear juice and a submerged one of mud. 
The intermittent settling tanks are square iron boxes, covered externally with 
wood to retain the heat, and provided with cocks at varying distances from the 
bottom. The jiiicc settles, the uppermost cock is opened and afterwards 
the others, so that only the clear juice flows oR and goes to the clarified juice 
tank. Finally a cock at the bottom is opened, and the scum flows out and nins * 
into the scum tank. Instead of a row of cocks, we often find a single cock 
connected with a hinged copper pipe, the free end of which is fixed to a hollow 
copper ball, which floats on the juice, so that only the uppermost and clearest 
layer of the juice passes through the pipe. 

All those tanks for intermittent subsidation have the drawback of leaving 
far too thick a layer of mud on the bottom, so that too little of the sut>i|ied 
juice is syplioncd off, wliile the length of the subsidation operation causes i 
juice to coot down excessively, both of which inconveniences are avoided in the 
many systems of continuous subsidation. of which a few are described here. 

Continuous Subsidation*—The hot juice coming from the defecator in the 
Doming system of clarification is conveyed into settling tanks, whence it is 
continuously discharged. These tanks are cylindrical with conical bottoms, 
carrying wide discharge tubes provided with a cock. A large cone of sheet iron 
(open at the top and bottom) ts suspended in the cylinder, the height of the 
cone being equd to that of the cylinder, so that their upper edges are at the 
same level and the bottom of the cone level with the c^cal part of the settling 
tank; the distance between the cone and the tank at that pUcq being subtly 
over one inch. 

The heated juice enters the tank outside the cone, filb it and overflowa 


•IMl. IS22, 111, IS. 



METHODS OF CLARIFICATION 


161 


f 

through a wide tube leading out of the upper ^art of the cone. This arrange¬ 
ment causes a downward current of juice out^de, and an upward current Inside 
the cone. The scum has therefore a tendency to sink to the bottom of the tank, 
and if it is induced to rise by the upward current inside the cone, it is caught 
by the inclined side of the cone and again sinks. Care should be taken fre¬ 
quently to discharge subsided scum, so that no layer of dirt forms between the 
edge of the cone and the cylinder, as in that case lumps of scum may be carried 
to the surface and spdl the clarified juice. 

In the case of slowly settling juice» the same expedient may be used as in 
the case of the ordinary clarification, i.c.. rendering the precipitate heavier 
by adding more time and a corresponding amount of phosphoric acid to the 
mill juice. 

Ordinarily»two settling tanks are required; the juice flows first through the 
smaller, afterwards through the la^er one. 

The Dorr " thickener " or clarifier, mentioned nowadays in connection with 
the Thomas and Petree process of mud lixivia Hon (sec page 1G2], corresponds 
to the following description: the apparatus consists of a circular tank, 20 feet 
diameter by 14 feet high.having a conical bottom firmly embedded in concrete, 
and is divided by plates into four compartments. The slope of the cone 
towards the centre is the same as that of the plates or bottoms of the com¬ 
partments. The hot defecated juice flows into the .subsider by a central 
tube and fills the four shallow compartments in which it subsides. In the 
centre of the tank is placed a verticaJ shaft, which revolves very slowly, and 
on which are fastened arms carrying scrapers, which force the subsided mud 
ioto a central tube, while the clear juice flows off from every compartment 
by an outlet tube. In those and similar systems the defecated juice is con¬ 
tinuously divided into a large volume, even as much as 95 per cent, of clarified 
juice ready for evaporation, and a small one, which may be as low as 5 per cent. 
^ of^>^^^l^ud, this being conveyed to the scum tank. 

C.—TREATMENT OF THE CLARIFIED JUICE 

In many factories the juice, after settling, is pumped without any further 
treatment into the suction tank of the evaporators; in others it passes through 
one or other form of filter; in others, again, it is once more boiled in eliminating 
pans of the diape previou^y described. This treatment is especially necessary 
for juice clarified by the first-named method, as a great part of the scums erften 
accompanies the clarified juice owing to want of attention. The juice, after 
settling, is boiled, skimmed, rendered neutral by phosphoric or sulphurous acid 
if the juice is too alkaline, or with soda or lime if it is too add, because, as 
^already mentioned, a neutral or very slightly add or alkaline juice is the most 
advantageous. 

Juices which havb been allowed to settle in special clarifiers do not need 
etimination, for in this case the juice can be neutralized directly in the defecators. 
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D.—TREATMENT OF THE SCUMS 

The scums from the clarifiers, or from the settling tanks, are run into scum 
tanks as already mentioned. Sometimes the scums are allowed to settle once 
more, and the clear juice is again drawn off, but generally the scums are mixed 
with lime and steam to promote filtration. Many factories only possess a single 
scum tank, into which the scum continually flows from the clarifiers; it is 
heated and litned from time to time, and pumped ofl to the filters, but in this 
way it is impossible to know whether the scum is sufficiently limed or not. 
It is much better to have two tanks, and use them alternately, so that the first 
can be properly limed, steamed and emptied, while the second is being filled. 
Or instead of this, a mixer can be put in front of the steaming tank in which the 
scums arc limed. 

If the juice has been properly tempered and at a proper temperature, the 
scums can be filtered without further addition of lime ; but such an addition 
helps if clarification has been defective. 

The application of continuous settling tanks has greatly contributed to the 
obtaining of a thick and compact mud, as we have already mentioned, when 
figures of only 6 per cent, of scums were referred to. 

Thomas and Petree have utiliaed this opportunity to introduce a method 
by which the thickened mud is diluted with juice of ever decreasing saccharine 
content, until it is finally poured out along with the fibrous part of the cane. 

The application of this system in conjunction with a crusher and four mills 
may be described a.s follows: the juices from the crusher, first and second milb 
arc limed and sent through a heater, followed by a passage through a defecation 
pan. From this pan the juice goes directly to a Dorr clarifier. From this 
primary clarifier the juice goes directly to the evaporator supply tank. The 
mud from the primary clarifier is pumped back to the mills, where it is mixed 
with the juice of the third mill and limed automatically. The mixture .js then 
sent through a heater and then to the secondary clarifier. The cldM^ce 
which has a low quotient of parity can be sent either back through the prim^X 
clarifier or through the maceration line, back to the first mill. 

The mud from tlie secondary clarifier is mixed with the juice from the last 
mill and limed, ihis mixture being then pumped back on to the bagasse behind 
tlie second mill. 

All the maceration water is used behind the third mill. About 16 per cent, 
of maceration is amply sufficient to give an extraction of about 93 per cent. 


E —INFLUENCE OF DEFECATION ON THE CONSTITUENTS OF THE 

JUICE 

The quantity of impurities separated from the juice by defecation is not 
considerable, since the weight of wet mud (chiefly consisting of juice) does 
not amount to more than 1 per cent, of the weight of the cane. 
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sucrose and Che quotient of puritf are very loir, but these are indirect 
consequences of fire, because the planter was compelled to bring the cane to the 
mill much earlier, and in a less ripe conditiem. than would otherwise have 
been the case. 

Usually the cane can be crushed soon enough, and then the damage is not 
considerable, as is shown in the Table preceding. 

But if circumstances prevent the canes being crushed at once, the deter¬ 
ioration goes on rapidly and uninterruptedly. In cae case a field was planted 
with SeedHng No. 247 and, on the 30tb March, a plot of six acres caught fire 
and was destroyed. The mill was out of order just then, and the cane could not 
be harvested, but in order to investigate the ra^dity of the deterioration, a 
few canes weracut from time to time, divided into pieces and analysed. Every 
one of the stalks was cut into 10 pieces, and the Nos. 1.2.3. etc., to 10 of ea^ 
canc combined, crushed and analysed The cane was harvested on lOtb and 
llth April, and crushed on the 12th April, while on that same date a portion 
of these canes was crushed and analysed in the labmtory. 


Uaic. 


iUKtkt\U 

.. nw 
.. )ut 
April 3nl . 
$lh 
7*h . 
9lh . 


SAVnS TAQV. 


PtrAoM iSr ftn 
Burn 
Unbiiral, Inotk* 
Burnt 




I 







Sahpui ?aur. 


PotAtUAnOB. 




Top 

2 

% 

, ’ ’ 

^ 1 

5 

' 9 

$ 

7 1 

1 

1 *1 

9 i 

> 10 

Buch2lK 

1 U» tbe ftn .. .. 

*•!> 

10*47 

n*o6 

12*10 

12*29 


ml 


13*93 

14*47 

M 

1 Htunt cnoe .. .. .. 

7*45 

11 >7 

12*57 

12*71 

12*72 

12*97, 



13*99 

J3*09 

.. M 

' Unburst, linn Um use MU 

6*B2 

10*12 

12*9 

12*75 

13*21 

17*21 1 

17*11 

; 13*72 ; 

14*5 

i l$*S7 

April 3fd .. 

Biuntcanr. 

6 *29 

11*50 

12*40 

12'5* 

12*42 

tl*10 

1t*2S 

1 10*92 > 

10*59 

' 12*01 

.. 5lh .. 


7*97 

10*90 

12*15 

12*15 1 

11*79 

11*1$ 1 

10*42 

: 10*07 

10*01 

11*99 

.. ?ih .. 


S*74 

11*47 

12*31 

11*91 i 

11*99 


9*99 

1*5$ 

7*97 

9*42 

.. 9ih .. 


7*17 

1 

k 

10*44 

11*09 1 

10*77 1 

9*91 

1 1 

1*94 

■ 

7*99 

S*S7 

9*49 


BsMcug SoOAi. 
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Tie mitf /uice ht)ai those canes cut oo two amsecutive days had the 
following compositioo 

Brix. Pol. Purity. 

Cut 10th April 9 g6 4*73 47 *78 

Cut 11th April .. . 9*62 .. 4 *86 .. 50*62 

while the sample crushed in the laboratory mill gave 10*7, 6*79, 63*4. 

In another instance where cane was lett in the field for a l<mg time* after a 
fire, from A^ 9th until May 4th. the average weight of the cancs diminished 
from 1*31 kg. to 1*05; and the compoation of the juice, which was originally 
Brix 12*75, sucrose 8*60, reducing sugar 2*63. and purity 67*45, became Brix 
8*78, sucrose 4*74, reducing sugar 3*29, and purity 53*99. 

Influenee of CUmate on Snerose Cont6fit.^In sub-tropical countries tem* 
perature has a very marked influence on the sucrose content ol the cano. This 
has been shown for Louisiana by Browne and Blouin. in the results of years 
1903 and 1904, which were very dissimilar a.s regards weather conditions. 


1903. 



August 

1 

September I 

October . 

4 

November 

Sov(’mt>cr 


1. 1 

1. 

1. 

1. 

15. 

1 

Sucrose 

2*70 

5*97 ; 

11-27 1 

13*60 

15*86 

Reducing Sugar .. 

3*8i) 

3*68 i 


1*02 

1 

0 63 

Purity 

36*00 

57*02 r 

i 

m 

87 86 

. . 9 •« 

02*10 



4 

1904. 




l__^ IW ^ ^ ^ 

lapcrose 

2*35 

i 

5*13 1 
3 75 j 

8*04 

^ f 

4 

9*13 

1 

;• 12-00 

Reducing Sugar .. 

4*04 

3 55 

2*82 

1*66 

Parity .• 

32*28 

52*35 I 

1 ' 

66*61 

71*55 

• 

80*53 


. The weather conditions for the two years in question during the growing 
season were as follows:— 



• 

July. 

August. 


1 October. 

November 

4 

December 

Av. daily temp.,?., 1903 

82*80 

82*10 

77*00 

67*90 

68*00 

49*00 

„ F.,1904 


84*10 

84*20 

71*20 

64*30 

58*40 

Rainfall, inches, 1903.. 

mm 

6-98 

1*27 

0*36 i 

0*23 i 


M 1904.. 

• 1 

m 

; 5*75 

3*24 

0*75 

1*50 : 

1 

1 

3*02 
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The results for the two years show but Jittle variation vp to the middle of 
September After this date the sucrose content of the 190S canes increased 
considerabJy, and this increase continued until the end of the season. The 
average daily temperatnre and rainfall for the two years were also about the 
same during June, July, and August; (ctf the remaining months of the year, 
however, the conditions were very unlike September, October, November, and 
December. 1903 showed far lower daily averages in temperature than the 
ebrresponding months of 1904, while it also showed a deficiency of rainfall. 
Tliesc conditions for 1903 were very adverse to the growth of the cane, yet 
luLstened the ripening to an extent rarely attained in Louisiana. On the other 
hand, the unusually warm weather of the fall of 1904, together with favouring 
rains, promoted the growth of canes even into December, but retarded the 
ripening, 

In tropical countries where the average temperature doc$ not vary much in 
difliTcnt years, the sucrose content of the cane is not so much influenced by 
th(* temperature as by the rainfall. Kobus* illastrated this in the table below. 


t 

\ 

Sugar 
^ extractor) 
Year, i from 100 

1 Ca&c. 

« 1 

1 

SucroM 
io 100 
Cane. 

1 

i 

May«»October 
(Ripening Time). 

1 

1___ 

p. .. 

* 

October, November, 
December 

(Soon after Planting). 

1__ 

Average 
Monthly 
RauifaU. 

In per JOOO 
it the 

Year's Total 

i - 

Rainfall io 
Tbrc« Mofltht 

Id per lOOO 
of the 

Yaaj*« Totak 

mn 10-36 


2*16 

127 

23*02 

368 

1895 9-79 


4-66 

240 

18-74 

340 ^ 

IH90 10-55 


0 74 

5L 

i 17-60 1 

310 

1897 10 06 


1-38 

87 

19-37 

339 

1898 10-21 

4 

3*46 

185 

27-95 

417 

1899 10-94 

13-99 

2-28 

160 ! 

< 18-23 

32H 

1900 9-57 

12-26 

4-56 

263 

17-72 

288 

1901 1016 

12-68 

3*42 

176 

19-10 

310 

1902 j 10-77 

13-43 

1-10 

67 

11-85 

96 

1003 10-03 

12-40 

, 2-48 

131 

i 26-78 

418 

1004 10*74 

13 04 

3-07 

174 

20-69 

347 

1905 : 10-37 i 

12-66 

2-12 

129 

13-27 

233 

1906 10-04 

12-44 

3-11 

184 

26-61 

396 
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in which he ^ut together the inches of raio^ dunn^ the earJy growth of the 
cane and during the npenjnf time, and the avera^ sucrose content of the 
cane in Java, and the yield of augar on 100 cane. As cane is planted there in 
June-September and crushed in May*October of the following year, the ^iircs 
for October^Decembcr. IdOi, for instance, apply to the cane crushed in May* 

October. 1906. 

/ * 

The figures for rainfall during the ripening time arc highest in 1896 and 
1900. and they correspond with the lowest extraction. i.c., low sucrose content 
and low purity: while, on the other band, the driest ripening seasons. 1890 
and 1902. correspond with high extraction. The rainfall during the ripening 
period is. however, not the only factw. as the rather rainy years, 1890 and 1904, 
also showed high extraction. Another factor is the meteorological state during 
the early period of growth, as cane can be fully ripe in May if an early growth 
is favoured by a ploitiful rainfall in October. Here we find the highest figures 
for 1S98.1903, and 1906. and, in accordance with these, high extraction in the 
corresponding years, 1899. 1904. and 1007. notwithstanding excessive rainfalls 
during the ripening periods in those years. 

Geerts has studied* very closely the factors determining the product of a 
canefield, both as regards the weight and the sugar content of the crop. 

The character of the soil, the time of planting, the meteorological circum* 
stances, in short, anything apt to influence the growth and the <ievclopment of 
the cane also exerts an influence on its sugar content. Cane ripens slowly in 
a moist soil, where it may continue its growth during a long poriorl; on soils 
which are drying up in the dry season it will ripen much more quickly. On 
plantations situated considerably above sea4evel the low night temperatures 
stop the growth and promote ripening. If the dreumstanres of growth and 
development have been very favourable, the storage accommodation for 
5il|ars in the canestalk is very spadotxsly built; a great deal of sugar may 
therefore be accumulated in the cdls, without the liquid in the cell becoming 
as concentrated a sotutirm as is the case in cane grown ander loss favourable 
conditions where less spadous parenchyma cells are present. 

Cane having had an abnormal growth owing to drought often ripens very 
rapidly; the ripening period proves very short, tbc cane soon becomes over* 
ripe and loses in sugar content* 

Fertilization with nitrogenous manure influences the growth of the cane, 
and therefore liketrise its sugar content. This influmce does not act In a direct 
manner but rather in an indirect one, dnee such fertilization may retard or 
prol^^ the vegetative period. 




^ Jm Soltetodvttk." 1923. 1171. 
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li the fertilizer has been applied late, cr if a Iong«acting mantire, such as 
filtef'press mud or dung has been used, the growth does not cease and ripening 
will te retarded. A very heavy dressing with fertilizers decreases both the 
weight and the sugar content of the cane. 

It has been proved that the sugar content of the cane depends on a great 
many factors, which are steadily in mutual intercourse. A dry harvesting time 
U favourable for the ripening on an estate having moist and low-lying land, 
but unfavourable for estates on a loamy, ea^y cracking m), where the rootlets 
may be tom asimdcr. if the cane is not cut before the land has dried up. 

loereaM of Suerose In Cane daring Ripening. —The following summary of 
hundreds of analyses of cane, which were made with a view to ascertaining the 
period of maturity, shows how the sucrose content and the purity increase as 
maturity proceeds 



Uatc of Analyau. 


27th April 
I7th May 
27Ui May 
bth June 


firix. 



Sucroec. 


7- 89 

8 - 23 
8-55 

s-ae 


Purity. 


91*8 

91*6 

93-2 

93-7 


AvaiUble 

Sugar. 


Date of 
PUating. 
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Deem*/ of Saeroie la Over-rtpe Caae. —If cane is allowed to stand too long 
the sucrose content and purity fall, as the following figures demonstrate:— 


III. 


Date of Analysis. 

B.U. 

Socrosa. 

1 

Purity. 

Available 

Sugar. 


6th May 

180 

17*26 

91-4 1 

13*62 


24tb May 

18*3 , 

17-76 

: 92-1 

13*09 , 

Black Java 

3rd June 

19-7 

18*41 


13-75 

12 months 

12th June 

19-9 

18-59 


13-88 

of age. 

2nd July 

10-3 

17-59 

1 

91-7 

• • • 

12-96 



It i$ evident that in the practice of sugar factories the sucrose content and 
the quotient of purity do not rise and fall regularly, since all kinds of factors 
such as rain and drought, attacks of cane diseases and pests, intervene and 
influence the course of ripening. Kuyper* mentions the rain in this respect, 
and states that the lowest part especially of the cine stalk suffers first and 
strongest from the action of lightly affective factors, such as relatively light 
rains. 


The quotient of purity shows in general the strongest osdllations and is 
therefore the best criterion lor the detection of irregularities during ripening. 
A considerable decrease in the quotient of purity in the juice of every part of 
the cane points to large disturbances in the growth, especially so if this decrease 
^ accompanied by a rise in the figure for the solids. 


Period of Ripening of different Varieties.— One variety of canc ripens more 
quickly than another, which may be due to the fact th3t*in general the increase 
in available sugar in one canc variety is much more rapid than it is in others. 
Every factor accelerating or retarding the ripening of the cane exerts its 
influence on every variety in a rimilar though not identical manner, so that the 
differences occasioned by them are more qualitative than quantitative. 

For every estate, for every canefield. and for every year the prepress of 
the ripening is a different one. so that no generally standard figures can be 
given in this respect. 

It is tbertfare only meant as a broad Ulustration when we give here the 
increase in the available sugar at intervals of 10 days for different varieties 


• Anhki v««r d» Jtn SuMftteiUte," if72, II., 321 
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Black Java. 

SnntoiQe No, 

100 

24? 

140 

186 

11 62 

1 

11*02 

7*87 

1 

104 

8-77 

* 12*64 

11*60 

8*15 

10*76 

10*08 

13*20 

12*27 

022 

10*87 

1047 

13*38 

12*67 

8*34 

11*81 

10*52 

14*38 

12*84 

8-35 

12*08 



13*71 

8*87 

12*35 



13*72 


1286 



1354 


1 



The increase in available sitgar was for 


Black Java 

. 2*76 per cent, in 50 days or 

0-66 per cent. inlOdays 

Seedling lOO 

.. 2-62 .. 

.. 60 .. 

0-42 .. 

Seedling 247 

.. 2-00 .. 

.. 60 

0-33 .. 

Seedling 146 

.. 2-66 

.. 70 

0-36 .. 

Seedling 135 

.. 0-76 

.. 40 

0-10 .. .. 


Ratooni,—When stools are allowed to ratoon, the sucrose content of the 
ratoon canes is generally superior to that of the plant canes, although the too* 
nage is apt to diminish each year, unless the field is suppliedwith new 
plants which cannot be counted as ratocms. 

Chiquelin and Verret* r e port the following results of their analyses 
plants and of first and second ratoons of two varieties of cane,which clearly 
illustrate the falling ofl in weight and the improvement in sucrose content. 

There can, of course, be no general rule, since the two succeeding crops 
ripen in two different years under sometimes very different draunstances. !n 
some years a long drought retards the growth of the plant canes and, in such 
a year, a poor crop will be obtained, while in the following year if there is more 
rain the ratoons of that cane may yield a heavy return. 

!t is therefore obvious that the difiereace in yield per acre between plant 
canes and the different ratoons cannot be exactly stated, but, generally speaJdng, 
the weight of cane per acre diminisim every time the canes are ratooned. 


ft. 
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Plant. 

isT Ybas 

Ratoons. 

1 

Uo Yrai 
Katoovs* 


Weight of Stalk 

1894 gm. 

1262 gm. 

1042 gm. 


Fibre. 

0-56% 

7*46% 

802% 


Sucrose 

4-70 

S'oa 

805 


Dextrose . 

2>05 

2 27 

107 

Str^ed 

Lcvulose . 

1 60 

1-73 

1*64 

cane. 

Ash. 

0*39 

0-27 

0-27 


Acids . 

0*21 

018 

Oil 


Albuminoids. 

0*08 

006 

007 


Amides 

0^ 

002 

002 


Gums. 

o-oe 

007 

008 


Weight of Stalk 

1675 gm. 

1407 gm. 

1163 gm. 


Fibre .. 

.n-287o 

7-12% 

716% 


Sucrose . 

0 33 

7*36 

8*24 


Dextrose 

1*84 

105 

1*83 

D. 74 

Levulose 

; 1 35 

1*20 

M2 

cane. 

Ash . 

\ -40 

•41 

■39 


Adda. 

; -21 

•22 

*18 


Albuminoids . 

•OG 

j 04 

•07 


Amides . 

•io 

1 03 

02 


Gums .. 

■07 

07 

09 


A cQuple of analyses out of many hundreds made by Francis Watts* in 
AdCgua ^ow the quality of the juice fro m plant canes and their first ratoons^ 
the figures being obtain^ by analysing a few canes from every parcel. 


I. —Sealy Sz£DLINC» Cassada Garden. 


4 


Per 

ceot. 

Jake. 

SticroM 
Ibi. per 
gaTInn. 

doeose 
Ifas. per 
gAllM- 

Noo- 
nigar 
lb*, per 
igBllw. 

Total 
Solida 
Iba. per 
gaUoa. i 

Parity. 

Plant, 1906, a .. 

140 

53*2 

2-254 

0033 

0*136 

2*423 

930 

•t t$ 6 •. 

12*9 

650 

2-361 


0-186 

2-361 

900 

First Ratoons, a .. 


530 

2145 


0-167 

mPTtM 

89*4 

•1 M b ,, 

200 

560 



0-151 

2-448 

910 


Upon im-4, 
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11.—QtmeKSLAMD CX£OLE. Diahokd. 


Plant, 1900, a .. 

32-1 

54-5 


0 023 

0-132 

2 201 

93-0 

H •» b 

37-7 

57-0 


0 043 

0-107 

2-334 

93-0 

First Ratoon?, ..I 


52-0 

1-085 

0-063 

0-165 

1-913 

68-1 

.. 6 ..1 

1 

1 

32-0 

1 937 

0-112 

0-165 

2*214 

1 

87-6 


Variation! Id Snoroso Coouot and Pnrltj.^In order to show the diUcronces 
in sucrose cooteot of canc and flr^t mill juice during the course of the grinding 
season, wc here give the average sucrose content of canc and the Brbe, sucrose, 
and quotient of the undiluted juice extracted during the various periods of the 
season, on three diflcrcnt estates. 



I 

,« 



9 

11. 


9 • 

i 

jQuoCfeat 

J-rfh-i 

SarrM i 
In 1 
Cut. 

Jufc*. 

I'Briod 

S«crae 

10 

1 

Jbioc. 

Bril. 

, 1 

SutfOM iQoMlMl 

Mx 

SoenMr ! 

April 2S-KAy 10 

1 

13-03 

17-BS 

1900 

1403 

Uiy 23-31 

1997 

1616 

17-09 

! 6619 

U»y 11^20 

13-41 

1026 

14-96 

11-92 

JlMl-IO 

14-19 

1629 

17-27 

: 8623 

May 21-11 

13-72 

1797 

1990 

80-48 

Jm1l-20 

1644 

1620 1 

17-14 

0627 

JUMl—10 

13-63 

11-96 

1987 

83-70 

Jw21--30 

1 1627 

18-92 

1691 

8637 

Jqrwll—20 

13-44 

1493 

1992 

1409 

Jdyl-lO 

' 1940 1 

1633 

1609 

92-62 

iime2l—30 

13-22 

19-19 

1931 

0903 

July M-20 

1 1907 

1643 

1602 

9>I6 

jQlyl-JO ..! 

13-69 

I9-2S 

16-69 

6936 

Jafy 21-31 

> 1640 

1613 1 

17-43 

91-01 

July 11—20 

14-30 

19-32 

16-83 

8921 

1—10 

14-40 

19 M 

1693 

8669 

Jttly 21-31 

13-SB 

11-77 

1998 

83-13 

A«(at 11 -20 .. 

12-81 

16 90 ! 

1648 

8 IC 9 

1—10 

14-24 

11-78 

16-30 

86-79 

AQ<aftl2l—31 ..i 

1913 

1671 i 

17-67 

1 8664 

Auftnt 11—20 .. 

13-96 

1904 

16-34 

8997 

SepkiBbCT 1—10 1 

1678 

18-46 

1661 

1 8697 

Auinal21—31 .. 

13-74 

118-96 

16-22 

8934 

VJillmhnr tt—20j 

1612 

18-54 

— 

— 

Septunbcr 1 — 10 .. 

I4S3 

1934 

16-72 

8360 

Sfptenber 21—30^ 

1628 

1 

18-73 

1646 

1 S7*da 

Toui .. .. 

i 13-73 

18-94 

1 

16-16 ! 

1933 

I 

Tout .. .. 

1 1672 

1620 

m 

8689 


III. 


April 83—May 18..' 

14-74 

19-40' 

17-56; 

90-5 

May 16—31 

13-65 

18-30 

l6-4>i; 

88-0 

Juocl—15.. 

14-15 

19-1 , 

16-45 

86-07 

June 16—30 ..1 

14-7! 

19-3 

IT-IO 

89-1 

July 1—15. 

1 

1 

14-44 

1 

1 

ia-7 

16-46 

58-0 

k 

1 


jii)7 la—!I 





9 4 


14- 61 

15- 91 
1412 



Total 


m 

1 

16-78; 

89-1 

■ \ 

15-98| 

80-4 

% 1* PiB 

17-1$' 

! 

55*6 

r] 

10-78' 

50-0 
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SueroM £ont0Qt in virtoiu ConntriM*— It is extremely dlAcult to obtain 
figures for the average sucrose content of the canes in certain countries. Figures 
can be quoted, but they relate chiefiy to the results of a single estate in one 
season, and cannot be con^dered as representing averages. One must therefore 
abstain from repeating here the; various items of information to be found 
scattered throughout the literature of the subject, and need only mention that 
in countries where the period of vegetation is shortened by frost, the sucrose 
content generally remains low, because the great bulk of the cane is harvested 
before maturity. In countries having little rainfall, as in some parts of Hawaii 
and Peru, where the cane sometimes stands 2u months or more and is liable 
to become partially dry when fully ripe, the sucrose content may rise as high 
as 16 per cent, and that of the reducing sugar fall very low. In the broad belt 
of sugar-produdng countries with a hoi and moist climate, viz., Central America, 
the Antilles, and Java, the sucrose content is fairly constant and, though 
occasionally exceptionally high or low. this percentage may be put down as 
13 to 15 per cent, in the cane when it reaches the mill. 

After the statistics published annually by the Java Sugar Experiment 
Station, the sucrose content of the canc in that inland has l>e<*n the following 
in the years since 1899 


1899 

13*99 

* • 

IDO? 

13-11 

• 4 

1015 

11-63 

1900 

12*66 

» 9 

1908 

1230 

t * 

1916 

12-42 

1901 

12-68 

$ » 

1900 

12-16 

• 4 

1917 

- 12-82 

1902 

13-43 

1 » 

1910 

12-54 

4 4 

1918 

13 63 

19(^ 

12-40 

4 4 

1011 

12 71 

4 $ 

1919 

12*38 

1904 

13-04 

4 4 

1912 

12*36 

4 • 

1920 

12*94 

1906 

12-66 

• 4 

1913 

1254 


1021 

13*41 

i906 

12-44 

4 4 

1014 

11-01 

4 4 

1022 

12 87 


1923 1306 


J. Kuyper* investigated the distribution of the solids in the juice of the 
different parts of the cane stalk and published the following conclusions as 
the outcome of his investigations* 

h The percentage of solids in the ripe cane increases absolutely regularly 
bom the top to the bottom end; the only exception to this rule is given by 
the topmost joints in which sometimes the concentration is higher than in those 
immediately underneath. 

2. In well-growing cane three zones may very clearly be distinguished: 
No. 1, consisting oi joints 1^-^ from the top, the r^Uy growing part, possesses 
a low and constant percentage; No. 2. joints 7*-12. the intermediate part, 
shows a rapidly increasing solids content; and No. 3, the rest of the stalk 
(the real sugar store) has a slowly but constantly increasing percentage of solids 
in the juice, 

• vm Si Jm itia 
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3. In every j^nt a zone of 0*6 to I inch in height on both sid^ of the place 
of attachment of the leai-sheath contains a low percentage of solids in the 
juice. 

4. In most cases the juice in the periphery of the stalk has a high^ solids 
content than that of the centre, both in the joint and in the node. The rind 
to a thickness of 0*05 to 01 inch shows the highest percentage of solids in the 
juice. Tlic juices of the hardest parts of the cane have therefore the highest 
solids content. 

5. The figures vary according to the varieties. 


Ratio of the three Sugars In Cane»-^The proportion in which the three sugars 
occur in the cane largely depends on the ageof the different parts of the cane. 

We gave elsewhere 0*73 per cent, sucrose and 0*60 per cent, reducing sugar, 
consisting of glucose and fructose, in canc loaves which are actively assimilating. 
The following figures are for canc at different periods of development. 



1 Sucaota. 

1 

f 

1 Olocoss. 

1 

FancTOiB. 

White tops of canc 6 months old 

1*02 

1*24 

1*26 

u 

• r O 99 4 4 

1*90 

1*30 

0*70 

Bottom joints 12 

16*60 

0*60 

0*20 


The fructose content decreases gradually; but even in the juice of the riper 
jednts its presence may always be detected by means of the reaction with 
ammonium molybdate and acetic add, menti<med on page 44. 

The tabic of Browne given below also shows that the amount of reducing 
sugar and cspedally of fructose decreases as ripening proceeds. 

c 


Decrease In the Reducing Sogar Content during Ripening. 


CoMtitMta. 

% 

Sepwnbar 

Sflptinbsr 

Tta 

Octtber 

2iM 

OnpMr 

«b 

mb 

NoMober 

2Slb 

WpTsiebsr 

Brix .. .. 

10*47 , 

11*62 : 

14*60 

14*70 

16*46 

17*33 

10*46 

Sucrose .• 

6*07 

1 

7*32 

11*27 

11*60 

11*60 

1606 

10*30 

Glucose 

M6 

3*00 

1*68 

msm 

■d 


0*31 

Fructose 



0*03 

0*07 1 

0*66 



Ash 




^E2i9 

0*16 

0*33 

mtm 

Free Acids .. 

Mg 



■S9 

' 0*10 

0*07 


ComlHsed Acids 

KS 



0*10 

0*10 

Kd 

0*17 

Album iTwds.. 

0*00 



0*06 

0*00 

0*10 

0*10 

Oum .. .. . 

0H)8 

0*0? 


0*06 

0*17 

0*14 

010 

Purity 

67*01 

6S*64 

76*73 

71*01 

i 07*06 

03*10 

04*04 

Glucose Confident 

ei*C4 

HI 

33*3? 

U*70 

7*60 

3*07 

1*37 
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The add caldum phosphatis are known under various oSmes, such as 
Ehnnannite/' Newlanitc/' " Qziypbos/' '* Clarine/' etc., etc. They are 
dry or pasty preparations, the latter having a varying moisture content. 

In more recent times these preparations have been supplanted by pure 
mono^aldum phosphate which is supplied in the shape of a 

dry powder. Further, extensive use U made mixtures consisting of add 
phosphates with Infusorial earth of Filtered.'* " Phosplichgelosc *' consists of 
from 25 to 60 per cent, of kicsdguhr, and from 75 to 100 per cent, of technically 
pure insoluble dicaldum phosphate (CaiH^PtOi). According to information 
obtained from the inventor, the proportion of 60 per cent, of either constituent 
has proved the most favourable for use. 

An authentic sample analysed by the author showed this composition 


Dicaldum phosphate, Ca^Hi .. 44*60 

Ferric diphosphate, Fe^P^O^ .. 1 >60 

Caldum sulphate. CaSO^ . 2*40 

Kieselguhr .. .. .. .. 44*90 

Moisture . 6*70 


100*00 


Another preparation called '* Suma-phos *' contains about 36 per cent, 
of water*solubIe phosphoric add and 15-'20 per cent, of fine kieselguhr, Md b ' 
used for the same purpose, vb., to cause a voluminous predpitate which 
entrains and removes colloidal matter. 


IV.—FUtration 

In cane sugar lactones we meet with two difierent kinds of filters, viz., juice 
fillers for the filtration of juice, and scum filters for use when the juice is 
separated from the .<icum. 


1.—JUICE FILTERS 

4 

The simplest fmn of juice filter condsts of a bag made of doth, into ^cb 
the juice b poured, the clear juice passing through and the impurities bdng 
kept back. Such are the Puvrez filters, consisting of a cylindrical bag, 
of which oue end b dosed and the other tied round a pipe supplying the juke 
to be filtered, which enters into the, bag under a certain p y as u re. The impor« 
ities are kept back, and the filtered juice passes through the doth and flows 
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into an iron gutter to which the bag is fixed, and so is conveyed to the suction 
tank o{ the evaporators. A great inconveuftnee of this filtration from inside 
to outside is that the finer impurities also are driven between ihi pores 
of the cloth and choke them up, so that the bag does not filter for long before 
becoming full of scum, and then has to be changed. Consequently filters of 
this description have now been generally abandoned, and other systems have 
been adopted in which filtration takes place from outside^ to inside, among which 
may be mentioned the Danek. Kasalowsky, Philippe fillers, etc. 

In these systems the filter consists of a square iron vessel on which an iron 
plate is screwed as a cover. In this vessel arc a certain number of chambers 
lined with cloths, kept apart by perforated plates or metal spirals fitted in the 
chambers. Each chamber is therefore shut oil by cloth at the rides and at the 
bottom, and the upper edges are pressed tightly together, thus preventing the 
juice, with which the filter is filled, from entering the chamber without passing 
through the cloth. Each chamber has a spout for the discharge of filtered juice, 
and a large cock at the bottom of the filter enables the workman to empty the 
whole of the contents when it has to be cleaned. When starting, the chambers 
are supplied with new or clean cloths, the filter is closed with the cover, the 
screws are tightened, and the hot juice is admitted under a he ad of three to six 
feet, avoiding great variations. The juice pas.ses through the cloth, leaving 
behind the suspended particles, which rink to the bottom of the filter and do 
not interfere with the filtration through the cloth. The latter can therefore 
be used for a long time, but when it is dirty it is changed for a new cloth, and 
as soon as the contents of the entire filter have become too muddy owing to the 
impunties deposited, it is emptied by means <A the cock at the bottom ; the juice 
ia conveyed to the scum tank, while the filter is washed and made ready for 
use again. 

In many cases, the floating impurities are so fine or gummy that filter-cloth 
is una ble t o retain them, though much may be done in this direction by keeping 
the flijpRiot and maintaining a good pressure in the filters. On this account 
filters have been discarded in most factories, and manufacturers prefer to 
evaporate their subsided juices unfiltered. 

However, there is no doubt that juice, even if alIow<^ to subside for a long 
time, always contains many floating and suspended particles which deposit 
os the tubes. 

It is not inconceivable that a copious addition of infusorial earth or finely- 
powdered carbon to the juice during drfecation would remove so much 
coll^dal matter that the portion of juice syphoned off could be filtered through 
cloth. ft 

Zerban*, who mixed juice with about 0*6 per cent, of kiesclguhr and raised 
its temperature to boiHng point, found that filtration could be conducted 
without difficulty, the liquid obtained after this operation being brilliant, 


• Lo«WMft BvUrtto. IT). 
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though not very greatly improved in colour. Analysis showed ^t the treat* 
ment with kicselguhr raised theequotient of purity as much as sulphitation 
geueraUy does, via., about 0*4 degrees. 

Hclderman and Khainowsky* treated raw juice with 2 to 3 per cent, of fine 
carbon, and in this way obtained a juice which filtered ea^Iy. 

These arc. however, laboratory experiments only, and up to now filtration 
of subsided defecated juice through cloth has not made great strides in practice. 

Neither has filtration through bagasse, palm fibre, and similar material 
survived the trial stage. 


Sand PUtors.—Instead of bagasse or the above fibre, inventors have sug¬ 
gested pulverised cork, but the dirt is not retained by this material. Better 
results are reported of the sand*filters of tlie Danck and Abraham types. In 
both these systems, the juice is forced through a layer of quartz sand, having 
a latge filtering areu, which tan. llierefure, t\o more work than cloth. 
Wlicn the filter becomes clogged by a layer of dirt, a new filter-bed may be 
obtained by simply agitating the uppermost layer of sand. Only when the 
whole of the sand is saturated with dirt is the juice let off and the sand washed 
by a strong jet of water. The first washings are tran^erred to the scum tank, 
while the later and diluted ones are thrown away. 

The sand retains a considerable quantity of slimy material and very fine 
bagasse fibre in a semi-coUoidal state, and. therefore, diminishes the formation 
of scale in the first vesseb of the multiple evaporation plant. 

a 


Composition of Dirt retained by Sand Filters.—The composition of a sample 
of slime scraped from a dirty sand-filter is as follows, calculated on the dry 


substance :**- 

Per ceot. 

Cane fibre . 69*1 ^ 

Albuminoids . 6*9 

Wax . 7-7 

AsJi . 16*3 


Tlic ash consists of 

Caldum silicate .. 
Calcium phosphate 
Caldum carbon&te 
Undetermined 


100*00 

Per cent. 
5 

8*3 

2*2 

0*3 


16*3 


•■'Anhki voor 0* Jm SuitterfoiuatTK” \fZl. 
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A defect qf sand^filters is that they require a special kind of sand which is 
rather expensive, and although the material fiiay be used again, after washing, 
there is always a certain amount of waste. It is not advisable to use other 
kinds of sand, which may possibly diBer in efRcioncy and thus spoil the work. 

Bronse Game,—The subsided juice may also be filtered through fine bronse 
wire-gauze, such as is used for bolting " fiour. This gauze contains about 
2,000 meshes per square centimetre, the diameter of the wire being 0*093 mm., 
the width of the meshes 0*137 mm., and the composition 93 p^r cent, copper and 
7 per cent. tin. It docs not require any intricate system of filtering chambers, 
but can be used as a strainer through which the decanted subsided juice is 
caused to pass. The juice passes very rajndly through this gauze and is re¬ 
ceived in a tank underneath, leaving a thick layer of fine bagasse fibre and 
slime on the strainer, which is scraped of! from time to time. As the gauze 
is very delicate and liable to break during cleaning, it is advisable to place the 
strainer in an inclined position with a strip of copper plate at the lower end, and 
also to protect the fine gauze by a piece of bird's cage " gauze, ^ that the 
scraper cannot touch the former. The dirt gradually sinks towards the strip 
of copper plate below, and may be removed from this without damaging the 
soft fine gauze. 

A portion of dirt retained by the wire gauze gave this analysis after being 
washed and dried 


. Gummy and fibrous substance.95*60 

Ash .4-40 

i SiUca .2*54 

Calcium phosphate .. 1*30 

Calcium carbonate .. 0*50 


'^Cane fibre generally contains 2*50 per cent, of ash, of which 1*75 is silica, 
0*20 calcium phosphate, and 0*10 per cent, calcium carbonate, so that the dirt 
retained by the wire gauze also contains an appreciable quantity of inorganic 
substances, which would otherwise have caused scale in the evaporating vessels, 
As this strainer is easily fitted up and inexpensive, it is advisable to use one for 
straining the whole of the juice before it enters the evaporating vessels. 

Another way is to have a wire cylinder coated with bronze gauze, and 
made to revolve round a hollow axle in a tank, into ^hich the juice to be filtered 
is pumped. 

The juice on its way out through the axle has to pass the wire gauze, on 
which it leaves its floating impurities ; these drop to the bottom and may be 
removed from*time to time by a cock or drain. The use of centrifugals 
for separating the dirt has already been mentioned on page 149. 
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2—^UM FILTERS 

Bag FUtars,—The most primitive methctd of treating scums was by pressing 
them in closed linen bags» which were placed in a box provided with a perforated 
bottom, the pressure being assisted by a cover loaded with stones. A part 
of the dear juice was thus forced through the doth of the bags, after which 
the remainder was expressed in a press. This operation demanded much 
labour, wa.s dirty, and also unsightly. 

Taylor FUten.—Taylor filters arc a great improvement, and consist of a 
number of long narrow bags, dosed at the lower end. suspended in an iroucham- 
her furnished with a reedver for the scum. Into the bottom of this reedver 
arc screwed several rows of nipples, to which the above-mentioned bags are 
Axed. The receiver being Ailed with the scum, the latter runs into the bags, 
which retain the impurities, while the dear juice is Altered ofi and flows into 
the lower part of the apparatus, from which it b conducted by a gutter to 
the suction tank of the evaporators. 

The front of the apparatus b provided with a door to allow the bags to be 
changed, but as thb work proved troublesome in the hot, narrow chambers, the 
upper reedver has been made movable in later patterns, so that it may be hoisted 
with all the attached bags by means of a travelling conveyor and carried outside 
the factor}^ Tlie hot bags can thus be changed out of doors, and while thb b 
bdng done a second reedver Atted with dean bags b placed in the box. io that 
the Altering can go on without much interruption. 

When the bags are full of mud they are detached from the nipples tied 
round the top. pressed, emptied and washed. Sometimes their contents are 
washed out by pouring water into the bags, but thb operation 
omitted because the water penetrates the slimy dirt very slowly. 

As the Altration proceeds from the inside outwards, the same inconvenience 
b met with as in th^ Puvrez Alters, though not to so great an extent, as the 
pressure is much less and the scum more compact. The disadvantage that the 
juice cook very rapidly owing to the great surface of bags exposed to the air» 
and hence does not Alter so quickly, or even becomes acid, can be remedied 
by blowing a constant jet of exhaust steam into the diamber, which keeps up 
tho temperature, prevents sourness, and increases the capacity by 20 per cent. 

• 

FUter-prenas.—In place of these Alters most factories now use 
which consist of metal chambers lined with cloth, and screwed tightly one 
against the other. A pump or monte-jus, or air compressor, Alb them with the 
hot scum. The juice passes through the cloth and escapes trough suitable 
channeb, while the solid matter remains behind in the form of hard cakes. 


bare^(^rallv 
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As ev«ry chamber has its own discharge pip^ which can be dosed by a cock, 
any of them can be stopped working if the filtered juice should become ^turbid 
owing to a hole or leak in the filter<lotb. 

Each chamber has an opening through which water or steam can be applied 
to wash and steam out the scums. The water or the condensed steam pene¬ 
trates through the cake of scum and replaces the juice still contained therein, 
which flows off through a drain-pipe that can be shut of! by a cock. 

The oldest filter-presses consisted of plates having a central opening through 
which the juice entered the press and which at the same time served for fastening 
the doths. This system was abandoned partly because the continuous fastening 
and loosening of the screws occufned too much time, but chiefly because the 
doths wore away very rapidly at that spot and had to be continually mended. 
Therefore the inlets for juice, for the wash-water, and for steam were all placed 
on one side of the plates, but then the holes in the doths were all on the same 
side, and leakages could not be prevented. Kroog constructed filter-presses in 
Which the inlets for juice, water, and steam, were situated in the upper comers 
of the plates, and were thus outside the actual filtering surface. These inlets 
were joined by india-rubber rings or by jneces of doth provided with a drcular 
opening. Beeg's filters are distinguished by the spedal construction of the 
frames (with fine corrugations), rendering superfluous the sieve plates which 
are to be found in other systems. The cloths are fastened by bronze springs, 
which grip as soon as Uie press is dosed, the grip bdng greater the tighter the 
press is screwed. 

The scum should enter the filter-press as hot as possible, having an alkaline 
reaction, and at a pressure of bom to 2 atmospheres. When the chambers 
are full of scum-cake, as indicated by the fact of no more juice flowing off, the 
supply of scum should be stopped, the cakes washed with water or steam, the 
press oyjed, and the cakes finally removccL The cloths are changed if they 
bav^^^me too dirty, after which the press is again dosed and is ready for 
dtfmer use. 

Dlffleultles Id getting Hard Cakes,— It sometimes occurs that scums, even 
when filtered hot, under suffident pressure, and with a distinctly alkaline 
ruction, do not yield bard cakes, filling the whole cliamber; but soon after 
the filters have started, filtration stops and the chambers are found to be filled 
with a thick mud, containing much juice, which goes to waste. This may be 
caused by wax depodted fitmi the hot scums upon the cold doths. which 
become clogged with that substance. In order to avoid this, it is advisable 
to steam the press before introducing the scums. 

The scums may also be too slimy, and this is best remedied by using a 
coarser strainer«for the juice, which allows more of the fine bagasse to pass into 
the juice and renders the scums more porous and capable of being pressed dry. 
It is, however, advisable not to go too far in this direction since every addition 
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of fibre increases the amount of scums and the loss of juice in them, while the 
capacity of the presses decreases accordingly. 

Since the fine bagasse imparts colouring matter to alkaline juices it is, in 
our opinion, much better to use an insoluble and neutral substance, if it is 
thouglu necessary to increase the porosity of the mud. 

Zerban* recommends the use of kicselguhr or ** FUtercel " for that purpose : 
the wclUslrained juice from the mills goes to whole juice tanks, where " Filter* 
ccl" or kicselguhr is added, after which it is run through juice-heaters at 
100^-102*’ C., and then to a sump before running to the press feed tanks. Two 
juice tanks are provided to feed the presses. One is used as a main pressure 
feed tank, and the other as a low pressure feed tank for "prr-coating''or 
filming the pres$<loths with kieselguhr. The whole juice from the juice* 
heaters is run into both the main feed tank and the pre-coating tank. When 
a new press is to be cut in, the charge in the pre-coating tank has added to it 
an extra quantity of kieselguhr to supply the preheating. The quantity of 
kieselgulir necessary to film a 750 sq. ft. press is about 75 pounds ; this may be 
cut down at times to less than 50 pounds, or about 5 to 10 pounds of Filtered 
per 100 sq. ft. of filtering area. The pre-coating tank should be so located that 
the heavy FUtercel" liquor can tx run into the press under a 15-20 foot 
gravity head or placed below the filters, in which case a centrifugal pump 
is so arranged that the pressure vvill not go above 15 pounds. After this liquor 
has been run into the press and has covered the cloths with a uniform coating 
of kieselguhr, the pressure liquor is then pumped through in the r^ular way. 

Apart from qualities naturally inherent to the character of the juice itself, 
we know also of an instaneef where in a factory filtration suddenly encountered 
great difficullies, which could not be overcome notwithstanding that all 
measures imaginable had been applied. The mud remained liquid 
and did not detach from the cloths after the press had been 
a lengthy examination, it was found that a growth of Lenconostoc had 
iated under the sulphurous acid supply tubes, and had carried such large 
amounts of suspended gummy matter into the scums that filtration was 
rendered impossible. After thorough dianfection of tanks, gutters, suction 
tanks, pumps, etc., with a 1 per cent, solution of ammonium fluoride, the 
formation of dextran was checked and filtration of the scums went on as 
usual. 

The absolutely neutral attitude of the dextran against the common reagents 
had allowed its presence tb remain undetected for a long time till a spedai 
investigation happened to discover it. 

• •• 17), linMw Bif. SUttoo.** • 

t W. C. NabMr, " Afcbkf vw ^ Jgvt SdMadstM,** 1914, 14)7. 
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Wiihlfig iht Scams* —Fomeriy it was the custom only to steam the mud 
in the presses in order to drive the residual juice from between the particles 
of the cake, and this did not dilute the juice. The effect of this procedure 
was not a marked one. as filter-press cakes having a sucrose content of 5 to 9 
per cent, were obtained and run to waste. 

In recent years, however, much attention has been paid to the recovery 
of the juice from the mud, and has led to an almost thorough exhaustion of the 
scums without re-solution of non-saccharine matter. 

In many factories the filter-press cakes are taken out of the press in an 
unwashed state and mixed with a fresh amount in some form or other of macer- 
ator, e.g., the Ledocte Malaxeur. This is a revolving dnim in which the cakes 
are stirred with water, after which the diluted mud is again filtered in presses. 
It was feared that a great deal of precipitated impuritii^s might be re-dissolved, 
so that the repressed juice would be of a very low quotient, but careful investi¬ 
gations showed that no such contingency was to be feared. 

Allen* has lately published the results of his experiments with single and 
double pressing of scums, and understands by the latter expression the operation 
in which scums from the clarification of sugar juices are discharged directly 
from the presses without being in any way washed wliilc in the frames, and then 
mixed with water and re-pressed. This be compares with the results obtained 
by sweetening-off the press<ake in the frames with hot boiler feed-water. 

The average washing time was slightly over an hour. The results were as 
follows 



Sugar 
per cent 

Moisture 
per cent. 

1 

LoesioCake 
per cent. 
Cane. 

Hrop in 
Punty* 

T>ilulion 
\»er cent. 

S^^^pressing .. 
Double pressing .. 

H 

0615 

59*03 

0*049 

0017 

4*035 

3*161 

P 

39*37 

42*00 


. The Java Sugar Experiment Station recommends the following instructions 
for sweetening-off the cakes in a plate-and-frame press. 


The indispensable requirements for a good and reliable sweetening-off 
are a very r^olar supply of mud-juice under a unifegm pressure, so as to allow 
an even coating of the filter-cloths by an ever-increaring layer of scums. 
Farther, the supply of scum-juice should not be pu^ed so far as to have the 
frames completdy filled with scums, but an open space has to be left between 
the two ioner surfaces in order to allow, later on, the washing water to act 
evenly on the entire surfaces on both sides. The current of the washing water 
runs in the same directioD as that of the juice. 


$Q«ir JOVBII. 1924, 
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when applying the system on a press of the Kroog type, a cross-piece or 
a double T-piece of at least inch is placed in the juice conduit directly 
behind the valve. It is connected with the steam and water conduits by 
two valves or cocks, which are situated as close as possible to the cross or 
T-piccc. 

Hot water should be used for sweetening off, and it is conducted in the 
same direction through the pre$.s as is the juice, and at no higher press\ire than 
was used at the end of the fiitration of the scum-juice. 

*Whcn checking the density of the liquor running out of the press during 
sweetcning-off. it may be observed that it remains constant during a long time 
at the same level as that of the filtered juice, but, as soon as the wasliing water 
has pushed the juice out, the density drops to about the tero point. In prac¬ 
tical working the sweetening-off is not conducted so far as that, but is stopped 
at a density of 2^- 3^ Brix. and the liquid still in the cakes is pressed oft by 
means of live steam or compressed air. 

The time taken to filter is generally 1) to 2 hours; that of sweetening-off 
and steaming 25 to 30 minutes. The sucrose content of the mud may be re¬ 
duced to under 1 per cent., equivalent to a loss erf 0 1 part on 100 of sucrose in 
juice. 

Instead of plate-and-frame (vesses, leaf-presses have lately come into use. 


Kelly Press.—The Kelly press counts of an iron cylinder mounted on an 
inclined frame. A number of filtering dements made of wire-gauze and 
coated with filtering doth are supported on a travelling carriage mounted on 
wheels inside the cylinder. The back of the cjdinder is dosed and the front 
conrists of the cover at the end of the carriage. The outlets of tli^ lt ering 
elements protude through that cover. After the elements have benl^^d 
in their proper places, the carriage is pushed into the cylinder and ti^my 
screwed with bolts. Scum juice is introduced under pressure in the cylinder; 
it passes through th*e cloth, leaves the scum at the outside of the elements, 
and escapes filtered through the outlets. When the mud has accumulated 
in such a way that the crusts nearly touch one another, the cylinder is emptied 
into a tank by means of compressed air, the filter is filled with water which passes 
through the mud in the same direction as the juice, thereby rcpladng it in the 
scums and leaving them almost free from sugar. 

Finally the water is discharged, the cover is opened, the carriage rolls out 
of the cylinder, and the mud is blown off from the outride of the elements by 
a jet of steam, which makes them swell and shake off the mud, after which the 
carriage may be returned into the cylinder again. * 

Experiments show an average sucrose content of the cakes of 0*52 per cent., 
and a moisture content of 73*2 per cent., corresponding to a loss of sugar in 
mud of 0*01 on 100 parts of cane ot a quite neg^ble amount 
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SwMtiud Fmc.—I q the Sweetland pre$s the filter elements arc placed 
transversely along the axis of the cylinder, and have the shape of a circular 
disc. When the filter has to be opened, the under part is taken down, allowing 
the cakes to be discharged and the cloths to be washed. 

VaUei Filter. —^The Vallea rotary filter has a cylindrical caang and a set of 
filtering bodies rotatably disposed in the casing. A dianncl for discharge in 
the casing is provided with a discharge opening at a point midway between 
the ends of the entire set of filtering elements. Each clement comprises a 
metal frame, with projections and drainage recesses, and having a perforated 
plate and a filter^oth or gauze fixed on each side. Passages in the hub of 
each clement register with apertures in the shaft and allow the filtered juice 
to pass from the drainage recesses to an outlet fipe. 

After the filter is full of mud the juice supply is shut off, water is allowed 
to wash the adhering crusts, which finally are removed from the elements by 
steam, water or compressed air. 

Amount of Water tor Sweetenlog-off. —Van der Linden* publishes the foL 
* lowing table for the amount of swcetening'water used in the various systems 
of filters, together with the loss of sucrose in the mud 


. 

Pvtsi of wasbh)K*w&ter for 

Peru of clarifierl Juice lost 


oae part of insoluble solids 

on 100 pnrt^ of insoluble 

System of Filter. | 

in the mud. i 

solids in the mud. 

Kroog .. - 

4'2 1 

48 

Hall' 

.. .J 

1 

6 2 1 
3-7 

1 

49 

76 

Kroog. 

2*6 

80 

Kroog. 

6*7 

109 

P 

Kroog. 

6*2 

119 

HaUe.■ 

4*2 

99 

KeUy. 

4*9 

52 

Kro^. 

4<l 

46 

Dehne 

1*0 

90 

Taylor 

6*7 

, 291 

Kroog. 

53 

93 


Composition o! FUtef*preee Cakes^^In the first edition of this work, at a 
time when sweeteniiig-off the cakes was still in its infancy, we quoted the fol* 
lowing analysis the old-time mud 


W JM SAntetettte," IS2S, TV. Itt. 













182 


CMRIFICATION 


Constituents. 

Taylor 

Filter. 

1 

Taylor 

Filter. 

Filter- 

press. 

Filter- 

press. 

Moisture 

72*14 

67-73 

66*26 

69*72 

Sucrose .. . • . • 

13*20 

10*50 

0*96 

10*20 

Reducing sugar . • 

0-60 


j 

0*71 

Ash . 

1 


7*69 

8*10 

Albuminoids 

103 

0*87 

1*94 

1*80 

Wax .! 


3*04 

6*13 

4*12 

Fibre 


11*00 



Lime 

0*66 

0*67 

— 

1*63 

Magnesia. 

— 

0*08 


0*22 

Iron oxide and Alumina 


306 


1*40 

Phosphoric add .. 

0*67 

1*40 

1*42 


Silica . 


0*21 


0*37 

Sand and Gay .. 

1*38 1 

1*70 


2*82 


AIK^n* quot(!s tht* composition of fiUcr^mud, obtained by double pn'ssing 
at Fajardo in Porto Rico, as follows 


Mdslnrc 

% • 


4 4 

60*331 

Sucrojk’ 

# • 

» • 

• ^ 

0*647 

Redudng sugar 

• 9 

» • 

• # 

0*011 

Wax 

• % 


• % 

7*760 

Albumin 

• # 

# • 

• « 

5*775 

Calcium phosphate 

♦ e 

• • 

• • 

1 073 

Sand and Silica 


1 • 

* # 

6 606 

Iron and Alumina 

t 

• 9 

• » 

4 4 

2*666 

Magnesia .. •. 


• » 

• « 

0*027 

Fibre 

a e 

4 4 

4 ^ 

10*860 


UUUsatloa of Filter-press Cakes. —The filter^press cake is usually employed 
as a fertilizer, and sometimes as fodder, or even as food for the poorer classes 
of people. In a few factc^es it is mixed with trash or fine b^asse and then 
used as fuel. 

Some attempts have been made to extract the wax from dried press-cake 
on a commercial scale. )Aljnbergt patented a process by which the dried and 
powdered filter-press cake was extracted by benzine and although from time 
to time n*ports are heard of the successful manufacture oi a hard and fine 
wax from that source, it has not yet c^e into general application. 


•** la<. Joral.** ItM, SS. 
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CONCENTRATION OF THE JUICE 

Principle. —Up to the stage now readied all the operations the juice has 
undergone have had for thdr object the removal of the non-saccharine matters 
and the clarification of the juice. This being accomplished as completely as 
possible* the sucrose now exists in a solution containing about 15 per cent, 
of dry substance. includir)g those impurities which dariheation has failed to 
remove. The purpose of the next operation is, theruforo, to convert the sucrose 
into a solid in order that it may then be separated from the impurities still 
remaining in solution in the mother-liquor or molasses. This is effected 
by evaporating the juice until the small quantity of water left can 
no longer hold all the sucrose In solution ; this latter accordingly crystallises 
out and can be separated from the mother-liquor and thus obtained in a pure 
state. 

This withdrawal of water by evaporation must be done at once and without 
delay* as in a dilute solution the sucrose is very liable to decomposition by the 
action ffmicro-orgamsms, which cause inversion or sou mess, and therefore give 
rise to considerable loss. It is hence necessary to deprive the clarified juice of 
the great bulk of its water as rapidly as possible, so as to bring it into a condition 
in which it is no longer liable to such decomposition, i.c., a crystalline mass 
containing 8 to 10 per cent, of moisture. 

In Vaeno.—Since sucrose Is liable to decomposition at high 
tewipcratures and also inversion, it is desirable to keep the temperature as low 
as posrible during evaporation, and at the same time to reduce the time during 
which it remains at that temperature. This is effected* by boiling the juice 
under reduced pressure, by means of which its boiling point foils, hence the 
present-day practice of boiling the juice in vacuo. Powerful pumps arc used 
to draw off the vapours and maintain a vacuum. 

ConeentratiOD performed In Two Stag^*—The concentration of the juice is 
ordinarily effected in two stages, viz., evaporation, v^ch concentrates the juice 
to syrup containing about 60 per cent, of solid matter, and boiling, which 
concentrates this syrup still further, and transforms it into a crystalline mass, 
totalled Massa^ite, containing only from 8 to 10 per cent, of water. 

The sole object of evaporation is to concentrate the juice to syrup as soon 
as possible, with a dunimum waste of steam and sucrose and at a low tem¬ 
perature. 

188 w 
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lo the boiling process (during which the sucrose first assumes a crystaUine 
form)» additional care is necessary in order to obtain the maximum, yield of 
crystallized sucrose in as pure a state as possible, and in such a condition 
as to allow it to be separated from the mother-Iiquor with the minimum loss 
and trouble. 

Between these two stages the syrup is in most cases subjected to a second 
clarification, which is of considerable importance in the manufacture of white 
sugar, as it is impossible to obtain good white sugar from a turbid syrup. 

Deeonposltloo of Suerose during Bvapomtlon.—Though the evaporating 
and boiling processes are carried out very rapidly, it is not passible to avoid 
partial decomposition and caramelization ; the juice is liable to become over* 
heated locally, which is seen when a synip or a massccuite is diluted to the 
density of the original clarifiod juice, and the colours compared, the colour of the 
former always being darker than that of the latter. 

According to GrOgcr's* investigations, the increase in colour is strongest in 
the first vessel of the evaporators, i.e., that in which the temperature is highest, 
and it is much less in the subsequent vessels, in whieh the juice boils at lower 
temperatures. This point wiU considered in greater detail further on. 

Caleulatlon of Weight of Water eTaporated.-*The amount of water to be 
evaporated may be calculated from the degrees Brix of clarified and concen¬ 
trated juice by the formula 

in which 

W =s weight of water to be evaporated. 
ss weight of clarified juice. 

5^ SB Brix of clarified juice. 

5| = Brix of concentrated juice. 


I.—Evaporation 

Evaporation over Open nro,—Formerly, the clarified juice was evaporated 
in shallow pans, known rs the Copper-wall,’* over an open fire, but this 
process had the inconvenience of utilizing the fuel very imperfectly, and it 
was also impossible to prevent local overheating, which caused a portion of the 
sugar to become decomposed. As the pahs were open, and the impurities 
were constantly skimmed off. the mechanical purification was very go^, but 
this advantage could not counterbalance the enormous losses of sugar and fuel. 

• 0«t«r.'Ung. Idutbt. Ar Zwhiited. od \m, TM. 
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Bfi^ontfon bj SUam iiBd«r Atmospheric >roifare.— Later the juice was 
evaporat^ in " Concretors/' i.e., open pans, heated by steam, which secured 
a more economical utilisation of the fuel, and avoided the risk of overheating, 
but they, too, were soon supplanted by multiple effect apparatus. 

Evaporation la Vmqo»—I n this system the juice boils m vacuo, and therefore 
at a lower temperature, so that inversion is no longer to bo feared ; moreover, 
the employment of two. three, or even four vcsst*ls allows the heat of the steam 
to be utilized as completely as possible; the vapour from tlic first vessel 
passes into the steam-drum of the second, that from the second heats the 
juice in the third, and so on, as will be seen from the following description. 

The evaporating vessels generally in use consist of large iron cylinders, 
with dome-shaped heads, fitted with a wide pipe which carries off the vapours. 
The lower part of the cylinder is divided into three portions by two transverse 
plates pierced with holes, in which arc fitted tubes which bring into communi¬ 
cation the upper and the lower portions of tlic cylinder, together called the 
juice-chamber. The middle portion is called the stcam-dnini and is traversed 
by the tubes, but does not communicate with them. The steam-drum of the 
first vessel is provided with an inlet pipe for exhaust steam, and in most cases 
with a smaller one for direct steam, also with an escape pipe for the condensed 
water. The wide pipe which carries off the vapours from the juice is so con¬ 
structed as to prevent particles of juice from pas.sing off with the vapours, 
and communicates with the steam-drum of a second similar vessel, and so on, 
while an air-pump, attached to the vapour pipe of the last vessel, draws off and 
condenses the steam. The steam-drums arc kept free from condensed water 
by means of pumps, 

the Triple EffeeL— Each vessel of a triple effect is filled with juice 
10 thtdl^el of the upper tube-plate, so that the entire heating surface is cohered 
b 5 ^he juice to be evaporated. 

Steam, having a temperature of over 100®, on being admitted to the steam¬ 
drum of the first vessel, causes the juice to bdl. and bccoffies itself condensed. 
The vapour from the juice enters the steam-drum of the second vessel, and heats 
the juice contained in the juice chamber, where it is under a certain vacuum, and 
the^ore bcnls at a lower temperature than that in the first vessel. The vapour 
formed here is similarly capable of boiling the juice in the third vessel, because 
this, being in immediate communication with the air-pump and the condenser, 
bdU at a still lower temperature than the juice in the second vessel. The 
vacuum is therefore greatest in the last vessel, and least in the first, in which 
on the contrary a certain pressure is maintained: consequently the juice in the 
last veml b(^ at the lowest temperature. 

Tbt removal of At condensed water from the steam-drum of the first 
vessel was formerly effected by a syphon about 15 feet in height, as measured 
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from the lowest tube plate, but* now that the Arst vessel is generally worked 
under pressure, the condensed water is allowed to flow out through a steam 
trap. The condensed water of the second and third vessels is removed by a 
pump if it is to be used for feeding the boilers; otherwise, the steam-drums are 
simply connected with the air>pump. They are therefore always kept free 
from water, and as the vapours from the juice in the preceding vessels are 
immediately condensed by the cold juice, a vacuum is produced in the juice 
chambers in the first and second vessels. 

In order to remove air and gases from the steam-drums, narrow tubes are 
fitted to each drum, such tubes communicating with the dome of the same 
evaporating vessel. Though no ammonia escapes from cane juices, these tubes 
arc called ammonia " tubes from analogy with the corresponding tubes used 
in beet juice evaporators. 

The clarified juice is pumped into a tank, from which it gravitates into the 
first vessel, or is pumped into it if the first vessel is worked under pressure. It 
enters at the bottom of the juice chamber, where various arrangements are 
made to facilitate the mixing of the fresh juice with the juice already present 
in order to ensure a good drculatioo. The vessels are connected with one 
another by means of pipes provided with cocks, by the cautious opening of 
which the juice is drawn from the first vessel into the second, and from there 
into the third, thanks to the difference in vacuiun of the three vessels; in this 
way the clarified juice enters the system, and leaves it with the concentration 
of “ syrup.'' A proper regulation of the cocks permits the supply of juice to 
equal the evaporated water so tliat the concentration goes on steadily without 
changing the position of the cocks. 

Care must be taken to keep only snch a quantity of juice in the first vessel 
for the upper tube-plate to be just covered ; if the hot plate is not constantly 
moistened by the juice, overheating is to be feared, and if the vessel i^l|^ full, 
there is a risk of losing juice by its passing off with the current of vapour l^vj^g 
the vessel. These remarks are also applicable to the other vessels, though with 
them the danger of ^overheating is not so great. If they are insufficiently 
filled, they should be supplied from the other vessels : in the contrary case, the 
supply is stopped, but the syrup is only drawn ofi when it has the required 
specific gravity. 

A high temperature being alwa 3 rs dctnmental, it is advisable to work with 
as little juice as possible in the vessels and to keep the jiaice level low in each, 
though, of course, decompo^tion cannot be entirely avoided. 

Deeompo^tlon of SueroM during Bv^ration*—Claassen* calculated from 
Herzfeld's tables the quantity of sucrose decomposed during evaporation. 
As these are calculated for slightly alkaline juices and cane*juices gradually 
become acid during evaporation, the figures given are not perhaps quite 
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applicable here ; but where they are not stated for cane juice by direct v^peri* 
ments, Claassen’s actual figures are given. 

CUassen'a Siperlmaiits.—Claasscn's experiments were made with a low 
level of juice in the evaporators and concerned:— 

1. Quadruple effect with high-pressure steam. 

S. Quadruple effect with low-pressure exhaust steam. 

3. Triple effect with juice-heater using steam under pressure of 1 atmos¬ 
phere. 


1.—QUADRUPLE EFFECT WITH HIGH-PRESSURE STEAM. 



First vessel 
Second „ 
Third 
Fourth* „ 


i|i 



r 

r 

H 


112 

105 

95 

68 



Mi*. 






\11 
62 
;12 
0*0100 


. 



9n 


00105 

0-0155 

0*0102 

0-0045 


0*0497 0*0065 



iijKqxjadruplf. effect with low-pressure exhaust steam. 



First vessel 
Second 
Third „ 
Fourth .. 


fl-9 


o 

n 

H 


102 

96 

86 

66 


•2 6 


S 3 boS 

w.S.s*S 

3^3® 


0*1220 

0*0844 

0*0342 

I 0 0100 


il§| 

III 

(Afii] 


0*0164 

0*0155 

0*0097 

0-0071 



0*0487 10*0063 
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in.'— TRIPLK EFFECT WITH I-OW.PHESSURE STEAM AND JUICE HEATER. 


Ko. 

1 

Period of 
Evaporation in 
minute ft. 

§ ^ 
Ik 

o 

6 A 

H A 

1 

s 

u 

a 9 

o 

1 ^ 

1 

J ^ 

mi 

s 

r 

Juice heater 

' 

120*8 : 

10 

0*330 

0*0358 


First vessel 

9 

106*2 ' 

15 

0*120 

0*0180 


Second .. 

14 

861 

1 

25 

0*065 

0*0128 


Third „ .. 

27 

; 67*7 

1 ; 

50 

1 

1 

0*010 

0*0045 



66^ 

1 

1 

1 

i 

1 


! 00711 

1 

1 1 

0*0092 


* 

Provided the dimensions of the vessels are proportional, and the amount 
of juice is kept small, the loss of sugar by decomposition remains under OOl 
per cent, on the raw material, even in the most unfavourable case. 

The most remarkable fact resulting from these experiments is that high 
pressure steam in the first vessel does not cause more loss than low pressure 
steam. This is due to the fact that up to a temperature of 115^ C. sucrose 
decomposes very slowly. As the decomposition of sucrose which occurs with 
the rise of temperature increases, so the time during which the juice remains 
in the vessel is sliortened. This is owing to the increased transmission of Jieat 
at the higher temperature, under wliich condition the heating surface also 
the contents of the vessel may be decreased. Owing to this shortenra s^y 
in the vessels, the harmful influence of the higher temperature is neutralized, 
and therefore temperatures of some degrees above 100^ may safely be employed 
in the first vessels or in the juice-heaters. 


K^stiter Apparatus,—That this is true is seen in the Kestner evaporator, 
where the juice to be concentrated only remains for one or two minutes in the 
tubes, but at a steam temperature of 130* C. in the first vessel and of 110* C. 
in the second, without any notable charring or decomposition of the sugar or 
other constituents of the juice. Owing to the high temperature and the very 
small amount of juice in the vessel, it climbs very rapidly in a thin film upwards 
into the upper part, from which it is carried into the second ve|sel, and so forth 
till the syrup is delivered by a barometric colttmn. As the first quantity of 
syrup that » discharged is often not of the density required, a pipe is cou^ed 
to the juice inlet, so that this first liquor can be returned through tb apparatus. 
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Instead of complete evaporating plants wth multiple effects after Kestner, 
we often see one shell working as a pre*evaporator. Hot juice is intr^uced 
into the pre-evaporator, is concentrated to some 20- Brix and from there 
passes into the triple effect, while the juice vapour is used partly for heating 
the first vessel and partly for the vacuum pans or juicc-heaters. 

Since such a pre-evaporator only contains very little juice, there is some 
danger of the latter drying up and charring if by mishap the juice supply is 
stopped for a moment, without the steam having been shut off. In order to 
prevent this, juice from the first vessel may be pumpetl back constantly through 
the prC'Cvaporator, so that both form, so to say. one single body. 

MeebanJeal LoiS6i«— Apart from chemical losses due to decomposition or 
over-heating, mechanical loss also arises cither from the vapours carrying 
over the juice as a spray (entrainment), or by the juice actually boiling over. 

Sugar present In Condensed Water.— When the juice boils over in the first 
vessel, the condensed water in thestcam-dnimsof the next vessel will contain 
sugar, which causes corrosion of the boiler-plates if the water be used for 
feeding the boilers. At the high tempicrature prevailing in the boilers, sucrose 
becomes decomposed into adds, which atuck the plates and thus give rise to 
leakages. 

Testing the Condensed Water. —Although an unpleasant smell in the steam 
at once reveals the presence of sugar in the feed-water, it is necessary to test 
the condensed water for sugar from time to time, because this condition need 
not arise solely from the juice boiling over, but may also be due to leakages 
in the tubes erf the evaporators, which allow the juice to pass into the steam¬ 
drum as soon as the vacuum is temporarily destroyed by some circumstance 
or (Jlfcr. 

The examination of the condensed water can be made by evaporating 
100 C.C. to a volume of 10 c.c., baling it for a few moments with a few drops 
of hydrochloric add. then neutralizing with caustic soda, and heating it again 
after addition of a little Fehling's solution, in which case a precipitate of red 
' cuprous oxide reveals the presence of sugars. The reaction with an alcoholic 
oc-naphthol solution* in which the sample assumes a violet coloration ill case 
sugar is present, is too sensitive a test, as it detects traces of sugar which are 
practically insignificant. ^ 

Weptritef.—Tn order to avoid losses of syrup from the last vessel, a *' separ¬ 
ator " is usually placed between it and the air-pump. This is a cylindrical 

> voorde JmSuOurtodufMt'* tS19.6M, (aeloMttfDnMfWtko 
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vessel provided with perforated ^diaphragms* which reduce the speed of the 
vapouf and compel it to part with the drops of syrup it carries with it. The 
separated syrup collects on the bottom and flows back to the last vessel by means 
of a dischai^c pipe. 

In many cases where the sugar manufacturer had full confidence in the 
excellent action of the separator, which was constantly controlled by the analysis 
of the waste water from the condenser, enormous losses of sucrose were never 
thcless recorded, the source of which could not be detected. We have found 
many a time several per cent, of the juice to be lost during concentration 
which must have been entrained by the vapours and rushed through the 
separator into the waste-water. Yet even careful examination with alpha* 
naphthol had in every case failed to delect any appreciable amount of sucrose 
in that water. 

It is very j)n»bable that the heavy drops or streams of syrup do not mix with 
the water, but collect on the bottom of the pipes and leave the sugar-house 
underneath the flow of water, thus escaping unnoticed even if the upper 
layer of the current is constantly tested with great care. 

B&tralDment,—Langguth Steuerwald* recommends small test pipes to be 
fixed at the bottom of the vapour pipes, by which the lowest layer of the liquid 
passing through them may be sampled and tested. When sucrose is found 
to be present there, the separation may be improved by adopting centrifugal 
screens or oUicr contrivance to try and reduce entrainment in some way or 
other, 

Nicboerf quotes an instance where after the shifting of the save-all.*' 
the unaccountable loss in the sugar factory decreased at once from 3*59 and 4*55 
per cent, in two consecutive years before the improvement to 2*65 immediately 
after, ^ 

Do Haan{ mentions that in several Java factories where separators orth^ 
Hodek type had been discarded and replaced by an improved apparatus, 
using centrifugal screens for the separation of the spray and keeping the level 
of the liquid in the several elements of the multiple effect below a certain height* 
results were obtained showing that the loss due to entrainment had been 
diminished to a negligible amount. 

Whereas previously* the unaccountable losses in three factories had beoi 
2 <45. 3*39 and 3*12 parts on 100 parts sucrose in cane* they fell immediately 
to 1*67, 1*17 and 0<78 parts/espectivcly. 

According to Gaassen.§ forcing the work of the evaporator beyond its 
normal capacity may have helped to induce a high loss by entrainment. It 
is an elementary principle that the juice during boiling must not exceed a 
certain height, the best separator bdng a lofty evaporating (Camber. But 
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so long as a powerful air-pump sucks away vapours with hunicano-likc velocity, 
entrainment from the last vessel may always be expected, even when using a 
low level and a most perfect separator. Therefore it would be a good thing 
if the idea of evaporation under pressure, which has been the object of serious 
experiments (broken off by the war), were to bn investigated once more, 

EvaporatloD under Pressure,—In tliis system the multiple effect is worked 
just as in the Kestner apparatus, with a small quantity of juice rushing at 
a high speed through the evaporator and therefore offering very little chance 
of being overheated. 

In the first vessel, the juice boils with a temperature of 128^ C., which 
gradually decreases in the subsequent ones to 102^ C. in the last vessel. The 
final vapour, having a tomperature of over 100* C.,is used for heating juice* 
heaters, vacuum pans. etc. 

Not only docs this system mean a great saving of steam by the elimination 
of the air-pump and of the cooling water, which now leaves the condenser 
charged with valuable heat, but it docs away also with the great velocity of the 
vapour from the last vessel and thereby removes one of the greatest factors 
of entrainment. Besides, if some juice does get entrained, the condensed 
water is still there and does not escape unnoticed, so that its sugar content 
may at any moment be accurately ascertained. 

Aeld Condensed Water,— From time to time it is also necessary to test the 
reaction of the condensed water, as it sometimes becomes acid, When sul- 
phitation is carried too far and gives rise to bisulphites, these decompose in 
the evaporating vessel, forming normal sulphite and sulphurous add, whfeb 
latter is carried over by the vapours, and is thus found in the feed water ior 
the b^ers. Add water attacks the boiler tubes and plates, causing them to 
leg)c. 

Bolphur,—The writer once found sulphur in the condcased water, this being 
probably due to reduction of the sulphurous add by the metal of the steam¬ 
drums. 

Red Colour of Boiler Water.—It often occurs that, although the water is 
free from sugar and adds, it assumes a red coloration in the boilers and primes 
violently. This is due to the water being too soft and pure, and rusting the 
boiler plates, and can be readily remedied by feeding the boilers with cal¬ 
careous water for a few days, so that the metal becomes covered with a thin 
scale, which prevents it from being subsequently attacked by the soft water, 



IL—Incrustations in Evaporators " 

Nature of the Ioenietatlons«^As tlie result of the concentration of the cane 
juice, various substances which have been dissolved in the thin-juice are $epar< 
ated in an insoluble state; they partly remain in the juice» rendering it turbid^ 
and are partly deposited as a hard crust on the tubes, chiefly on those of the 
last vessel, and interfere with the conduction of heat, and hence with the 
evaporation. It is evident that such an insulating coating on the tubes 
interferes with the evaporation, and consequently decreases the capacity 
of the plant. It is therefore desirable, first to avoid the formation of scale 
as far as possible: and, second, to remove the scale before it becomes so thick 
as to retard the evaporation. 

Formation of Scale noavoldaUe.—As even the clearest and best clarified 
juice is certain to deposit constituents which are insoluble in the concentrated 
synip. it is impossible to prevent the formation of scale, so that the only course 
is to remove it os {re<{uently as possible. 

The composition of the scale depends, first, on the nature of the clarification, 
and, second, on the degree of concentration, in other words, on the particular 
vessel of the multiple effect in which it has been deposited. 

Varying Composition of Seaie»—For example, the scale in the first vessel 
cliicfly contains constituents whidi were present In tlie juice in the state of 
colloids or in suspension, while that in the other vessels consists principally 
of substances which were dissolved in the dilute juice, but became insoluble 
during concentration, either because of the diminished quantity of solvent 
or by their being less soluble in concentrated sugar solutions. The first vessel, 
therefore, does not get much scaled when the methods of clarification permit 
filtration of the whole of the juice and therefore remove the coUoid impurities. 
On the other hand, the first vessel becomes heavily incrusted when the juice 
is not filtered, but merely decanted or syphoned off. Moreover, when or 
over-ripe canes are being crushed, yiel^ng juice containing much suspended 
cane fibre, the first vessel may thereby become choked, the fibre being converted 
into hard niasscs by* the inorganic suspended matter deposited upon it. 

Deposit of Cane Fibre.'-An analysis of such a deposit, although not strictly 
an incrustation, gave the following figures calculated on dry substance 

Per cent. 


Cane fibre . 220 

Silica .. 44-4 

Calcium carbonate and phosphate . • .. 33*6 


lOOOO 

In factories working with the defecation process, where, therefore, the 
greater part of the juice is evaporated without being filtered, the first vffsstl 
of the multiple effect scales much more than in faeces where the juioe la* 
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clarified by carbonaUtion and consequently is deprived of all colloid matters 
by filtration. 

In the incnistations from the former juice wc find calcium phosphate, the 
quantity of whidi decreases as evaporation proceeds; also silica, which on the 
contrary, increases as evaporation proceeds. In the last vessel the scale 
contains calduro oxalate. 

In the case of carbonated juices, Uie first vessel contains a little calcium 
carbonate, probably formed by decomposition of bicarbonate and some 
silica. In the other vessels the silica content increases, and in the last calcium 
oxalate prevails. 

Some analyses of incrustations met with in practice follow here, the results 
being calculated on the dry substance (free from traces of metal from the tubes). 
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SlUcA 

SS4 


4175 

IS'45 

2-01 

V75 

l>55 

24-10 

2*14 

2*0) 


450 

13*26 

51*66 

57*27 

PSo^Soclc Add . 


nn 

VS5 

7-70 

2117 

25-40 

0(2 

0^ 

,2912 

21*65 

7-51 



1054 

056 

SnlpSuMtdd 



045 

076 

♦M 

507 

MO 

094 

! 7 92 

5-40 

2-56 

241 

1*29 

014 

041 

SglpHvrm Add . 

HB|| 

— 

— 

— 


— 

— 

— 

wn 

056 

— 

^ 1 

— 



CAttocile Add 



051 

11*50 

2-12! 

5-17 

1-04 

>55 

025' 

047 


411 

5-57 

562 

>56 

OttlkAdd > 

mtjM 


1*57 

5-00 


MO 

2094 

2441 


— 

277 

— 




Iroo oAldt 



074 

1*69 

T-SO 

>10 

>14 

■Q 

Oil 

744 

051 

16'79 

016 

11*55 
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1105 

B 
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1546 

1 

2055 
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The loss on ignition is the measure of the organic substance, but includes the 
wat^r of crystallization of the gypsum. Tlic sum of the constituents sometimes 
^ceeds 100 per cent., because the weight of carbonic acid liberated from the 
caldum oxalate on combastion is recorded under the figure for loss on ignition. 
In addition to oxalic acid, the organic constituents of tl)^ scales include gummy 
and albuminoid substances which arc depodted together with otlicr gelatinous 
bodies, bagasse fibre already mentioned, and a considerable proportion of 
carantel, the latter being due to overheating of the juice, which penetrates the 
incrustations and becomes partly charred. 

Origin of different Constitnents,—Iron oxide is formed by the solvent action 
^ the juice on the iron plates of the steam chamBer ; the other constituents, 
were derived from the juice, some of which were dissolved therein, whilst 
others occuned in the state of colloids. Among these latter, caldum phosphate 
occupies the mpst promiDent place, and this explains why the scale in the first 
vessel chiefly consists of caldum i^osphate (with defecated juice), whilst this 
constituent is almost always absent fr^ the scale formed frim carbonatation 
juice which is filtered previous to evaporation. 
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It true that calcium carbonate, sulphite, and oxalate (found in the scale) 
are insoluble in water, but tliey dissolve to some extent in sugar solutions, the 
solubility depending on the concentration, temperature, and reaction of the 
sugar solutions. 

Calcium Carbonate,—Calcium carbonate is only slightly soluble in sugar 
solutions, and when this substance occurs in appreciable proportion in the scale, 
it must either have been formed from quicklime by absorption of carbonic acid 
in the defecation process, or have been dissolved in the form of bicarbonate 
during the second saturation of the carbonatation process, and subsequently 
decomposed into normal carbonate and carbonic add during evaporation, and, 
in consequence, only found in the scale from the first vessels. 

Calolam Sulphite.—Caldum sulphite is much less soluble in sugar solutions 
at high than at low temperatures, and is also much less soluble in neutral than 
in alkaline and add solution. The reason why this substance is sometimes 
found in scale, and in large quantity, may therefore be due to an insuffidently 
high temi)erature during sulphitation, or to an improper reaction or to the 
concentration of hydrogen ions in the tempered juice. 

We discussed on page 168 the formation of incrustation in juice-heaters 
occasioned by these two causes, and referred to both of them ss factors con¬ 
tributing to the scaling of evaporators as wdl. Those remarks bear on instances 
where no great mistakes have been made during sulphitation, but«when 
excessive gassing has occurred incrustation by caldum sulphite may become 
very troublesome. 

If, owing to carelessness, sulphitation had been pushed so far that part 
of the already predpitated calcium sulphite has become redissolved as bisul¬ 
phite, the juice may enter the evaporators, charged with caldum bisulphite. 
During evaporation tliis substance is decomposed with the formation of 
sulphurous acid, which escapes as vapour, and the formation of the normstf 
sulphite, which, at the high temperature, crystallizes out, covering the inside 
of the tubes with a ha)*d, tenaciously adhering scale. 

In such a case, the largest portion of the sulphite is found in the scale of the 
first vessel, where the bisulphite is decomposed, the normal sulphite being so 
insoluble that insuffident is left in solution to reappear in the incrustations 
formed in the other vessels where by evaporation the concentration is increased. 
It is evident, however, that when care is taken during sulphitation to keep the 
juice faintly alkaline, that k to say of a pH of slightly over 7, no bisulphite 
can possibly be formed, and no sulphite can crystallize out owing to the 
decomposition of that body. If also the temperature during sulphitation is 
high enough, and is not allowed to fall very much during subsiding, the amount 
of the normal sulphite dissolved in the clarified juice may be kept so low that 
serious trouble caused by the incnistation of ^ tubes by caldum sulphite 
need not be feared. 
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The author had the opportunity of analysing scales from first vessels of an 
evaporating plant, which chiefly, or rather solely, consisted of beautifully 
crystallized strata of calcium sulphite, which had formed from dissolved 
bisulphite during heating. As an equivalent quantity of sulphurous acid 
passed over into the condensed water, the latter became acid, and had a 
detrimental effect on the boiler plates. 

According to Geese* the solubility of calcium sulphite in a 10 per cent, 
sucrose solution, at the difierent temperatures, is as follows 

20® SO® 40® 60® 60® 70® 80® 90® 100® 

0*183 0*144 0 14 0*075 0*036 0*033 0-012 0-010 0 006 per cent. 

The solubility is still less in alkaline juices, especially at high temperatures, 
so that calcium sulphite can only occur in scale if the temperature during 
sulphitation has been too low, or if the juice has been allowed to become acid. 

Calelam Oxalate* —Calcium oxalate is soluble in sucrose solutions, the solu* 
bility increasing in inverse ratio to the temperature and (within certain limits) 
to the concentration of the solution. A 25 per cent, sucrose solution rendered 
strongly alkaline dissolves 0-06 per cent, of ctilcium oxalate, but this figure 
decreases greatly at higher concentrations and smaller alkalinitics. There 
are, therefore, three factors which render calcium oxalate insoluble during 
evaporation, viz,, the decrease in the amount of solvent, the increased con* 
centration of the sugar solution, and the lowering of the temperature. For a 
given alkalinity, the solubility of calcium oxalate falls very considerably 
between the concentration of 30*50 per cent, so (hat wc may expect the heaviest 
deposit of this substance in the last vessels, which actually occurs. Indeed, 
the scale of the fourth vessel of a quadruple effect sometimes consists exclusively 
of calcium oxalate. 

According to Slollef the solubility of calcium sulphate in sucrose 
solutions falls in proportion as the concentration and temperature rise. At low 
temperatures a sucrose solution dissolves more gypsum than corresponds with 
its water content, and this is also the case at higher temperatures in low con* 
centrations. But it dissolves less than corresponds with tlie water content at 
higher concentrations. 

Calelom SUleata and Alumliiite. —Caldum silicate and aluminatc also 
dissolve in sugar solutions, especially when the .solution is strongly alkaline. 
After long continued heating, lime is withdrawn from these compounds, so that 
silica and alumina become insoluble and are deposited as scale. Besides the 
silica occurring in ibis form, there is no doubt that it is also present as gclatu]ou.s 
silica, suspended in the juice and deposited during evaporation. Otherwise, 
the fact that ac^d juices (free from caldum silicate) deposit silica during evapora¬ 
tion could not ex^ned. 

• ‘Z^CKbv. MbmnektM.r 46. 10). 
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Alumina.—Alumina is sometfines found in scale, although this constituent 
occurs In but small quantity in cane juice. Being specially noticeable in scale 
from juice treated by carbonatation, we are justifi^ in concluding that it is 
derived from the lime used for the clarification, which sometimes contains 
as much as 1 per cent, alumina. 

Nitrogen.—The nitron content of the dry scale is due to coagulated 
albuminoids, and never amounts to more than 0*20 per cent., and in most 
cases is less. 

Cane Wax.—The scale in the first vessel sometimes contains a relatively 
large proportion of cane wax which was suspended in the juice. Some deposits 
contain so much wax that the sight-glasses of the evaporators become covered 
with a greasy. dark<oioured film. Owing to its low specific gravity, such a 
film fioats on the surface of the juice, and therefore wax is not a notable con- 
stituent of hard scale. 

The following is a t 3 rpical analysis 

Cane wax. 40*2 

Calcium phosphate .* •. 48*7 

Silica . 6*7 

Undetermined organic matter. 6*4 

100*00 

It goes without saying that thorough subsidation, or, if possible, filtration 
of the juice, will help to prevent incrustation by suspended matter, and further 
that a neutral juice will dissolve less lime-salt than an acid or an alkaline one, 
and, therefore, will be less liable to depodt scale. 

As juices are very seldom exactly neutral, they all deposit incrustation s, 
and all that can be done is to restrict their formation as much as possibld^ 
and to xemove them as soon as they have formed. 

Comporitlon of Sede before and after Treatment.—The analytical figures 
given below relate to the washed and dried scales after treatment with caustic 
soda, and are from the same factories as the samples I to IV of Series I, 
mentioned on page 193, which were analysed before boiling with caustic soda. 
From the insignificant difierence in composition before and after boiling with 
caustic soda, we see that thi^ reagent has a loosening efiect rather than a solvent 
action. 

Removal of the Seale.—Some twenty-five years ago, iron sjnrals were sus¬ 
pended in the tubes of the evaporating vessels, with the object of inducing the 
scale to deposit on those, rather than on the tubes. About the same time wo^n 
staves (}inch less in diameter than the tubes) were similarly, used, with the 
additional advantage of diminishing the volume ^ juice, and thus increaiing 
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the heating surface. The rough surface of the staves was also more favourable 
for the deposit of scale than the smooth surfaces of the brass tubes. TKough 
this novelty was at first r^arded very favourably, the staves have ance 
disappeared. 

Such appliances do not obviate the cleaning of the vessels from time to time. 
In countries where the mill stops on Sundays, that day can be utiliecd for this 
purpose, while in places where the work continues all seven days of the week 
without rest, it is well to dean and scrape the evaporatorr;. say, once a fortnight. 
The practice, sometimes followed, of continuing evaporation without stopps^c 
until the evaporators are cxces-sivcly Kaled, is to be c<in(li mn< (l, laraase the 
capacity of the plant will be considerably reduced during the lost days, and also 
because the layer of scale has then become so thick that it demands a great 
deal of labour and time to remove it. 

Bolling with Caustie Soda.—The best mode of cleaning is to l)oil caustic 
soda solution in the vessels, with open valves and with live ^teani in the steam* 
drum, so that the liquid boils at ordinary atmospheric pn*s.sim\ otherwise the 
temperature is not suffidently high. After.some six or more hours the caustic 
soda solution is let out, the vessels are washed a couple of times with water, and 
the scale scraped off with scraping irons. This last operation. Ixnng somcwliat 
roxigh, is not without danger to the brass tubes, as appears from the rather large 
quantity of brass splinters which were found in every sample of scale examined 
by the author. Formerly, the vessels in which the soda solution had been 
boiled were boiled again with dilute hydrochloric acid, alter the soda had been 
let off. and the vessels washed. This was to dissolve the already loosened 
scale, but the practice is now discontinued. It is true that most of the incrusta¬ 
tions dissolve in concentrated hydrochloric add, but this should not be applied. 



1 SCALB AXTER TXSATMBNT WII H CAUSTJC SuDA. 

I. 

II. 
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4 

IV. 

Loss on ignition 

1 20*20 

27*60 -j 

40-01 

35-30 

aiica. 

7-28 

8-43 

1 

22*49 

39-01 

Phosphoric add 

1 20*91 

19*85 i 

' 1-61 

0*37 

Sulphuric acid. 

4-87 ; 

3*38 

0-43 


Sulphurous add 

i 1 




Carbonic add. 

j 3*97 

4-08 ! 

' 3*06 

3-81 

Oxalic add . 


1 

i 

20*49 

12-60 

Iron oxide .. 

2-24 

3-47 i 

0*69 

0-56 

Alumina .% 


_ 1 



lime. 

34-29 

SI'28 

2018 

13-96 
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since it attacks the iron vessels^and results in leakages. Diluted hydrochloric 
add dissolves the caldum carbonate found in scale in the first vessels treating 
carbenatation juice, but it fails to attack the crystallised oxalate and the silica, 
so that the action of this reagent is very restricted^ It also has the disadvantage 
of attacking the unsealed portions of the iron plates,with the formation of hydro¬ 
gen. which forms an explosive mixture with air. No workmen should, therefore, 
enter the vessels with a light after boiling with hydrochloric add before the 
latter have been thoroughly washed out with water, and the air drawn ofi by 
the air-pump. Hydrochloric acid does not dissolve much of the scale, neither 
does caustic soda, but this last reagent loosens it, so that it may be more easily 
scraped olf. Some silica becomes dissolved and caldum oxalate is decom¬ 
posed. but otherwise the composition of a scale is not much changed after 
being boiled with caustic soda. 

Van der Linden* mentions an observation made in a factory, where great 
trouble had been experienced in the removal of the scale of the third and fourth 
vessels. On one occasion it was found that after boiling out. the scale from the 
fourth vessel was present on the tubes as a gelatinous mass, which offered no 
trouble in its removal. Investigation showed that among the drums of caustic 
soda which had been used, one containing ammonium fluoride had inadvertently 
been included. Later on. 15 kilograms of ammonium fluoride were used along 
with the caustic soda in the cleaning of the first and second vessels and 35 
kilograms each in the third and fourjh ones ; and in every instance the incrus¬ 
tation was so thoroughly loosened that scraping was very easily accomplished. 
In a third case, a fourth vessel having 246 square metres of heating surface 
was boiled out successfully with a solution containing 35 kilograms of caustic 
Soda and 25 kilograms of ammonium fluoride. 

Schweizerf says th«'it he cannot imagine what reaction is exerted by the 
ammonium fluoride on the scale, citlier on the silica or on the silicates, and he 
supposes that possibly one of the other halogen salts, sodium chloride or am¬ 
monium chloride, might be used. ^ 

Schmidt} boiled out small quantities of scale in the laboratory with caustic 
soda and an^monium tluoride in weak concentration, and found that 61 per cent, 
had gone into solution, of which figure 73 per cent, was silica. Then he re¬ 
peated the same experiment with caustic soda and sodium chloride, when 
50 per cent, wont into solution, 71 per cent, of which appeared to be silica. 
There being little difference between the two results, common salt might be 
used to replace ammonium fluoride. 

Removal of Seale by Fermentation,— A sure but slow means of cleansing the 
vessels after the close of the grinding season is to fill them with diluted molasses 
(6-8^ Brix) and allow this to fennent. The evolution of gas within the scale 
itself loosens the particles of which it consists, and after ypme three weeks the 

• ''iBt. suMT jowui." isD, t thid., m, 
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fermented wash is nin off, and the scale may then be brushed away wthout 
scraping. As this method requires time, it cannot, of course, be employed 
during the grinding season, so that boiling with caustic soda and scraping is 
then the only remedy. 

Deposits In the Steam Chambers. —The deposits so far men Honed are derived 
from the juice, but another troublesome deport occurs in the steam chamber 
of the first vessel, which likewise retards the transmisMon of heat and evapora* 
tion. The steam used for heating the first vessel may contain small quantities 
of lubricating oils, which collect on coming in <<intact with the cold tubes 
and which, in combination with iron or copper oxides, graphite, and similar 
substances, form a greasy, non-conducting layer which causes much trouble. 
The author has examined several such deposits, and his analyses, calculated 
on dry substance, are recorded hero. Tlic first .sample dati-s back to 1802, 
and must have been gradually forming during the ten preceding years. The 
organic matter chiefly consisted of fatty adds, while in the second and third 
samples it consisted of mineral lubricating oils. 


Constituents. 

I. 

1 

i 11. 

f 

III. 

Oil . 

26-4 (fatty acid^) 

28-60 

13-9 

Iron oxide 

30-4 

68-80 

82-6 

Copper oxide 

30-0 

2-60 

— 

Lead oxide 

to 

6-20 

2-3 

Graphite, etc. 

1-2 

40 

1-2 


Removal of (he Greasy Deposit.— Such a layer is sometimes, but not always, 
ftund in the steam chambers; and as its presence cannot be detected from 
outside, it is advisable to inspect the steam chamber every year, and to remove 
the deposit if present. Mineral oils do not dissolve in^soda or in adds, and 
therefore boiling either with adds or alkalis is of no use. It can be removed 
by dissolving in petrol (gasoline) or benzine. The fatty depodt is thereby 
softened and flows off as a greasy mud; after which the spirit is run off and the 
steam chamber washed free from solvent with water. This method is rather 
dangerous because of the inflammable vapours escaping from the spirit. It 
should therefore never be attempted during the grinding season, but only when 
factory operations have come to a complete standstill. 

If this method be considered too dangerous, the only other remedy is to 
remove all the tubes and scrape them carefully. 























IIL--Glarificdtlon of the Syrup 


Though the greater proportion of the substances which become insoluble 
during evaporation deposit on the walls and tubes of the vessels, yet a part 
remains in the syrup rendering it turbid. 

CompositloD of Deposit from a Syrup TanL—The composition of these 
floating and suspended substances is similar to that of scale, as can be gleaned 
from an analysb of a depost from syrup tanks in a factory working with the 
defecation process. 


Loss on ignition -.. •• 34*33 

Silica .26-95 

Phosphoric add.12*26 

Sulphuric acid. 2*03 

Carbonic add. 0*23 

Iron oxide and alumina . •. 3 *68 

Lime .19HW 

Undetermined. 1 '18 


10000 


This sample closely resembles the average of the scales from the different 
evaporating vessels, and consists of the same elements. It is very important 
to remove these impurities, because they become enveloped in the sugar crystals 
during the growth of the latter and impart to them a dark tint which cannot be 
removed by washing. 

Removal of Impurities.—It is not feasible to remove these impurities by 
filtration through doth if the syrup has been obtained from defecated juice, 
since the gummy constituents dog the filtering media. Consequently one is 
compelled to allow the syrup to subside. 

nitration*—Sand filters, which were greeted with enthuslasra fifteen or 
twenty years ago, do not seem to have fulfilled early promises, since they have 
not come into general use for syrup. It seems that the very large quantity 
water required to wash out the syrup from the sand when cleaning is the duef 
obstade to their employment for this purpose. 

SuMdatioit— If we abstain from filtering the syrup it can enly be clarified 
by subddation. The best method is to bml the ^rup in eliminating pans after 
it leaves the evaporating ftiant, neutnliring it with lime or soda if otemBxy, 
or, if too alkaline, with j^osphoric add. Sulfdiitation may be combiaed with 
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Qiit elimination, but a stiiring apparatus is th& necessary in order to bring the 
gases into contact with the synip. It is advisable to keep the temperature 
of the syrup below 70* C. in order to prevent inversion during sulphitation. 

If the precipitate subsides slowly, a little phosphoric acid and lime, soda, or 
sodium phosphate, may be added during elimination, but great care must be 
taken not to use too much of these, or the precipitate might become too thick. 
If possible, the syntp is then filtered. If not, it is run into settling tanks, 
sirnUar to those described in the chapter on Clarification. A clear supernatant 
syrup then separates from a layer of mud, the thickness of which depends on tlie 
quantity and the flocculence of the precipitate. 

It is advisable to decant the subsided syrup as soon as possible, and not to 
leave it in the tank too long. According to Herzfeld's tables, mentioned on 
page 20, at a temperature of 90-95* C. such a syrup loses 0*0302 per cent, 
sucrose per hour, so that during the six hours which syrup generally requires 
to subside, no less than 0*25 per cent, of the sucrose may become decomposed. 

Treatment of the Syrup Seums.— As soon as the syrup has settled, it is drawn 
off from the precipitate and conveyed to the suction tank of the vacuum pan, 
while the precipitate itself is dealt with in various ways. Some manufacturers 
mix it with the molasses coming from the centrifugals, and boil them together 
to second sugars. Hiere could not be any objection to this plan if the second 
sugars,always found a market, for the fine particles of the precipitate would be 
incorporated in the crystals of the second sugars. In many cases the second 
sugars arc re-melted in the juice, and the impurities, previously eliminated with 
care, are thereby returned into process. Moreover, the practice of returning 
molasses to the pan has suppressed the second sugars, so that the mixing of 
the syrup scums with first molasses has become impossible. In other factories, 
the syrup scums are run into the scum tank of the mill juice, which proceeding 
Fas the drawback of inaeasing the work of the scum filters, and thus diminishing 
the capacity at that stage. Further, this scum is very slimy, and the particles 
are excessively fine, so that they choke up the pores of th^lter<Iotbs. Finally, 
these scums contain a highly concentrated sugar solution, and as even the driest 
press^cakes contain about 50 per cent, of juice, it is not an economical pro* 
ceeding, since we are here dealing with concentrated juice or syrup, in which 
a considerable quantity of sugar becomes lost. The best way is to pump the 
syrup .scums into the juice in the defecation pans ; the syrup mixes with the 
great volume of mill juice without any visible inerease of concentration, and 
again undergoes all the operatioAS of clarification and settling, while the fine 
l^edi^tate is carried down by the flocculent scum of the mill juice, subsides 
irith them, an^ does not give rise to any increase in the quantity of juice to be 
filtered by the presses. Moreover, the higher sugar cont^t of this juice is 
so trifling that the loss of sugar in the filter*press cakes is not perceptibly 
inemsedr 
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Soymm of Syrvp hj FtrmootetloiL—Sometimes juice which is neutral 
after defecation yields a very add syrup, but in this case no attempt should be 
made to remedy the defect by using more lime in tempering, for, strange as 
it may appear, this is more apt to increase the acidity of the syrup than to 
diminish it. The only thing is to neutralise the quantity of syrup in hand, 
and immediately seek the cause of this acidity. In every case where a neutral 
clarified juice becomes very acid during manufacture this b generally due to 
some ferment or other wliich attacks sucrose and forms add from it. As a 
rule, lime^salts favour these fermentations, hence an excessive use of lime 
promotes the deterioration. This can be remedied by keeping the amount of 
lime as low as possible, and by great care in cleaning all pipes, tanks, and pumps, 
and even disinfecting them with a one per cent, solution of ammonium fluoride. 
It is, of course, better to prevent such infection by washing out the gutters 
and settling tanks daily. 


IV.-Boiling 

Principle.—During the boiling process, the concentration of the clarified 
syrup is continued up to the point where there is not sufiicient water for the 
sugar to remain dis.solved. and it becomes partially crystallbod. < 

Rapidity of CrysUlliaatioa.—The rapidity with which sugar crystallizes 
out from a solution depends, other circumstances remaining the same, on the 
purity of the solution, i.e., on whether much or little foreign substance b present 
along with the sugar. When the sugar solution is fairly pure, crystallization 
takes place as soon as the concentration has become too great for all the sugar 
to remain in solution. When an impure juice such as molasses is evaporatedt 
crystallization takes place only very slowly, and no crystab are visible, even 
when the concentration b much greater than corresponds with the solubility 
of sucrose. 

The hot concentrated liquid b allowed to cool, and after some time sucrose 
crystallizes out, partly because it b less soluble in cold water than in hot, 
but chiefly because the supersaturated state slowly gives place to the normal 
state of solubility. 

I 

Properties of Sucrose In SoiutlotL—In solution in water and during crystal¬ 
lization from such aqueous solutions sucrose behaves quite differently from 
almost any other substance. • 

According to Wulff. the differences between sucrose an^ some salt or other 
in solution in water may be characterized as follows: Water dissolves a salt, 
at first very rapidly, later on more slowly, but in every case within a short 
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time in accordance with ita solubility af the given temperature. On dissolving 
crystallized sucrose, the first stage is just as in case of the salt, but as soon 
as the water has taken up the major part of the quantity which it can finally 
hold, further solution proceeds much more slowly, and notwithstanding the 
continuous stirring of crystals and solvent, the ultimate point of saturation is 
very hard to obtain. 

When, on the oth^r hand, amorphous sucrose, as prepared by the melting 
and rapid cooling of the crystallbxid body. Ls dissolved in water, solution goes 
on more slowly during the fir:»t stage, and only after the material is completely 
impregnated with liquid does it dissolve with greater rapidity. Actually 
amorphous sucrose dissolves copiously, the concentration of the solution 
increasing regularly to the final point of solubility, in fact even surpassing that 
limit, and tlic more so the greater the CNcess of sucrose present. Later, the 
solution becomes supersaturated, and yol solution procc'cds till the moment 
when crystals make their appearance, after wliich concentration sinks til) the 
maximujn point of stability is readied. 

WulR considers these phenomena as a manifestation of an inlermixtun 
of two miscible bodies, viz., water and «imorphous sucrose, owing to which, 
contrary to true solaiion, mixtures in every proportion an* {H^siblc 

Wulif believes sucrose to be present in solution only in the amorphous state, 
so that it has to pass over from the cryslallizc'd state into the atnorphous on 
solution, and back from the amorphous state into tlic crystallized on crystal¬ 
lization.^ Since this transformation takes time to complete, this hypothesis 
explains the delay in solution and crystallization of sucrose in aqueous solution. 

Amorphous sucrose is more stable at low than at high temperatures, and 
heating rather rapidly transfers it into the cTystallize<l state. 

Even the most concentrated sucrose solutions may l>e cooled very far 
before they crystallize out; and the more the solution is cooled, the longer 
crystallization is delayed and the greater the interval before its end point is 
attained. 

Van Ginneken* heated some sucros<' solutions to 130^ C.. and others of 
identical composition and concentration to 110^ C.. when he found after cooling 
them all to the same temperature that the time elapsing before the formation 
of crystals was greater in the case of the liquids that had been raised to the higher 
temperature, although no decomposition apparently had occurred. He also 
obeyed that if sucrose were repeatedly crystallized from aqueous solutions 
and redissolved, the time taken for the appearance of the first crystal became 
longer after each operat^p. the conditions of sup^saturation. temperature, 
intensity of movement and of composition, always being the same, the time 
required for the re-solution of crystals likewise succesrively increasing. Other 
experiments demonstrated that apparently the lustory of the sucrose is of some 
importance in reg^d to its crystallizing properties, ^us he showed that a pure 
sucrose, obtained by precipitating a concentrated aqueous solution of refined 

• ” rhimlirh WMkbUd.'* 1919. Ulft “ )Mt. See. CIm. led.." 1919. 
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sugar )rith ^cohol and wasliing with alcc^iol and etbar. ciystalhzas more slowly 
than the refined sugar from which it was prepared. After being kept in a bottte 
for a few months ^at same preparation, however, once mm*e became normal 
in respect of its solubility. Van Ginneken^s experiments demonstrated that 
the optimum concentration for grain formation is 83 *5 to 84*5 per cent, at 80^ C.; 
and he further observed that the time necessary for the formation of the first 
crystal is much greater than that required for the appearance of subsequent 
ones, temperature and concentration being kept the same. He found also 
that with a concentration under 80 pcT cent, the tendency to form new crystals 
(rather than to grow on those already present) is so small as to be negligible.. 
At 81 per coat, it is greater, but it is not practicable to keep the concentration 
as low as this when boiling and cooling, so that in sugar-houses the possibility 
of the formation of false grain under such conditions is difficult to preclude. 

In order to explain why the first crystal forms so much more slowly than 
those appearing later. Van Ginnekcn suggests two possibilities, namely. (1) the 
auto-catalyStic c0ect of the already present crystals on the molecules of sucrose 
in their vicinity; and (2) the formation of large complexes of sucrose molecules 
which are driven apart by heating, but on cooling gradually condense until 
they combine to form crystals, at which point others have approached the same 
condition and consolidate very soon after. 

These phenomena have already been noticed before by other investigators. 
When carrying out his experiments on the formation of molasses, the author 
had observed that sucrose crystallised more rapidly when the solution had 
previously been heated to a relatively low temperature during a short time, 
than when the liquid had been kept at a higher temperature for a longer period. 
Van der Linden* showed that a molasses which on cooling readily gave a crop 
of crystals failed to do so when the grain was re-dissolved and the liquid cooled 
in exactly the same way as before. 

The rapidity of crystallization of sucrose is also greatly influenced by the 
simultaneous presence of impurities. In the case of the crystallization of a 
salt solution, it proceeds just as ra^ndly in the presence of other bodies, even 
if they arc of a viscous nature, as from a pure solution. In the case of sucrose, 
however, where besides the simple crystallization a transformation from the 
amorphous into the crystallized state has to be reckoned with, tbe non-sugars 
from the juice exert a notable delay in crystallization, as the result of 
crystallization of sucrose from impure concentrated syrup and molasses is 
slower, more difficult and less complete than from puge liquids. 

Dlffereut Ways of Bolflag.—Boiling may therefore be per f or m ed in two 
ways, one of which is followed ^i^en boiling syrup, and the second when 
buiUng molasses, but, as will be shown later on* this distinction is not strictly 
observed. * * 


• iraer di Jm Batkwbdatftrte,” Ifia iSir. 
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Pore juices are concentrated at not too high a temperature until the sucrose 
commences to oystallue in the pan, after which the crystals grow sbwly as 
evaporation continues and fresh supplies of synip are added, until ultimately 
the whole is transformed into a siifi magnui (massecuite), consisting of a large 
quantity of crystals and only a little liquid (molasw). This method is called 
boiling to grain/' and can only be applied to pure syrups. If the solution is 
too impure for this purpose^ it is concentrated at ntodt raie tcini>cratUTC5 to 
such a degree that the concentrated syrtip or ntolasscs only deports sugar on 
cooling, this mode of working being termed boiling smooth." In this case, 
the consistency of the liquid is such that a samjile can be drawn out in (he form 
of a thread, when the liquid is said to be boiled to " string proof." 

Bolling in Vacao,—Boiling is always performed in I'acuo for the reason 
given under the heading " ]*!vapoiation," and for the further reasons that 
under atmospheric pressuic the tcmpeiaturc at which the heavy material 
parts with its water is higher; and circulation being levs p<'rfcct. the risk of 
local over-heating and conscquitit (k'coin posit ion and coloration of the 
massccuitc increases. 

Vaeutim Paiii,^Thc old vacuum pans were made of copper, but owing to 
the demand for paas of large capacity they an* now almost exclusively made of 
iron, so that copper pans provided with steam-jackets arc the exception. The 
iron vacuum pans are in many cases lined with copper ]dates in order to prevent 
coloration of the sugar by the solution of iron in the add syrups and molasses. 

Heatiog.^In most cases paps are heated by means of copper coils, to which 
either direct or exhaust steam is admitted. 

^ Bteam-Iaekets.—As already mentioned, the earliest pans liad .steam-jackets 
in addition to ccals, but these were suliscqucnUy dispensed with in order to 
secure a wide discharge opening, and thus to economize time when discharging 
the pan. The advantages of a steam-jacket are that the heating surface of the 
pan is increased by several square feet, and the ma.s»*ruitc in the pan is less 
exposed to the cooling influence of the external atmosphere. Consequently, 
steam-jackets have been adopted in many modem pans, even the dikharge 
door being heated in this manner. 

• 

Calandriaa*—Instead of coils and steam-jackets, many pans have caJandiias, 
similar to those nsed in multiple effect evaporators, but with tubes of much 
larger diameter to permit the semi-solid massecuite to circulate. In many 
cas es the drculktioo is further promoted by a screw revolving in a large central 
tube whereby the boiling mass is raised in the centre, and thus induced to flow 
downwards at the sides. 
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CireQUtJoiL-^It is of great lAiportance that the contents of the pan be 
thoroughly mixed; first, in order to prevent local overheating of the massecuite 
wbeto it is in contact with the hot coils; and> secondly, in order to secure 
crystals of uniform size. Circulation is especially necessary when molasses 
(previously separated from crystals) is used for diluting the massecuite in the 
pan, otherwise the concentrated massecuite settles to the bottom of the pan, 
and does not mix with the added molasses. Under such conditions, samples 
taken with the proof^stick give false indications concerning the real state of 
the contents of the pan. Even when boiling S 3 rrup massecuite, the bottom 
discharge is often choked by a hard mass of sugar which has been accumulating 
for a considerable time, and hus interfered with the circulation. In order to 
prevent this, and, in general, to promote circulation, many pans arc provided 
with a porioratefl copper coll, through which dry low-pressure steam is blown 
through the boiling ma.ss, so as to mix it, the vacuum not being perceptibly 
lowered. The perforations should be made at the bottom of the coil, in order 
to prevent them being choked with sugar crystals when the pan is discharged. 
A second device for promoting circulation is to introduce the syrup and molasses 
through a bent pipe extending nearly to the bottom of the pan, so that the thin 
liquids arc compelled .to force their way upwards through the massecuite and 
so become thoroughly mixed with it, which is not the case if the syrup is intro¬ 
duced at the top of the massecuite. The same end is sometimes gained by 
pumping the syrup and molasses through a perforated copper coil at the 
bottom of the pan. To prevent choking, tliis coil is likewise perforated on its 
under side. • 


The Proof^tleh.—In order to examine the contents of the pan without 
disturbing the vacuum, samples are withdrawn from time to time by means of 
the apparatus now to be described. A copper tube is fixed in an inclined 
position within the pan in such a manner that the upper extremity projects 
through the side of the pan, while the lower extremity terminates at id 
centre, and, consequently, is immersed in the boiling massecuite. The 
upper extremity of tHis tube is open, but the lower extremity is closed by a 
valve of special construction. When a sample is to be withdrawn from the 
pan this valve is opened by means of a long brass rod, which is thrust down the 
tube and then turned as one turns a key in a lock. This rod, called the'' proof- 
stick," is provided at its lower end with a plug, by means of which the above- 
mentioned valve is opened, and also with a small cavity, which thereby becomes 
filled with the boiling maferial. During this operation, the upper opening 
in the tube is kept air-tight by the closely fitting rod or proof-stick." The 
latter is then twisted back to its former position, thereby locking the valve, 
and then withdrawn from the tube, carrying with it the small sample of masses 
cuite which fills the cavity. ^ 

The proof-stick should be of sufficient length that samples may be withdrawn 
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trom the bottom part ot the pan» and the cavfty sufficiently large to withdraw 
a fairly big sample at each test. * 

Plttlngi of the Pans.—Chemicals are drawn into the pan through an iron 
pipe fitted at the side, whilst a cock near the top of the pan (called the butter- 
cock) may be used for introducing colouring agent.s, sucli as ultramarine, ctc« 

The pan is connected with an air-pump and injector for removing and 
condensing the vapours, and the resulting vacuum permits of syrup, molasses, 
chemicals, etc., being sucked into the pan without being pumped, as is the case 
in open evaporators. Between the pan and the air-pumps is fixed a kind of 
separator called the save-all," which keeps back the spray rising from the 
bdling liquid and returns it to the pan. 

BolUog to Oridli*-^Whcn boiling to grain. s^Tup is drawn into the pan as 
soon as the vacuum permits, and when the bottom coil is covered, exhaust 
steam is turned on. As the level of the liquid risi's by the constant inflow of 
syrup, steam is similarly admitted to the second and. If necessary, also to the 
third coil, the propcT charge of syrup being found by cxpcncnco ; the supply 
of syrup Ls then stopped and concentration commences. The formation of 
grain commences at about Brix, and Ls accelerated in one of two ways.' 
The syrup is cither concentrated until it begins to crystalli^. or additional 
syrup is suddenly added to the already supersaturated syrup, causing such an 
agitation throughout the mass that the sugar (pr<sent in a supersaturated 
state) U dtq)ositcd as fine glittering crystals. This addition of dilute syrup 
suddenly reduces the boiling point and causes a brisk ebullition and thereby 
agitation of the whole liquid, which promotes crystallization. The tcmpirrature 
in the pan is usually 50^ C. (122^ F.). and the vacuum 28 incln^s (71 cm.). 

When the pan b heated by a calandria in.stcad of by coils, it is necessary 
first to draw in enough syrup to immerse the whole heating surface, after whicli 
tlfe concentration of the syrup up to the graining point is carried out as before. 
But it may be necessary to start with less syrup than will completely cover the 
steam cliamber. so that coib are to be preferred unle^ it is practicable to 
transfer part of the contents of one pan to another, alter the grain has been 
formed, and to continue boiling what is left. 

Determinatton of the Graining Point.—Although every pan b provided with 
thennometer and vacuum gauges, and the boiling can be perfectly regulated 
by means of these instruments, most native pan-8oilcrs prefer to judge the 
concentration of the syrup from the appearance of the drops of liquid spattering 
against the sight-glasses. 

Although tbb test seems very crude and uncertain, experienced pan-boilers 
know pretty well what to expect of the juice with which they have to deal, 
and when the syrup does not grain at the point they are accustomed to. they 
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will go on concentrating before attempting to grain " by the sadden addition 
of fresh syrup. 

As cane juice grains very easily, the artifices sometimes employed in the 
beet sugar industry to promote crystallization are superfluous. On the con* 
trary, it is sometimes difficult to prevent premature fonnation of grain. 


Composition of Syrups at Graining Point*—The analyses of a great number 
of canc syrups at their graining point are set forth here. 
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In this table the sucrose content is assumed to be identical with the polarisa>» 
lion, on account of the relatively low percentages of redudng sugar. Farther^ 
we have assumed that the solubility of socroae in the water oi tlm syrup is the 
































BOILING 


209 


same as in pure water,* and that the sugar is grained at 45^ C. According 
to Herzfeld's table on page 4. the solubility of sucrose in water at 46^ C. is 
71*32 parts of sucrose in 26*68 parts of water, or 241*7 parts of sucrose in 
100 parts of water. When calculating from these Values the amount of sucrose 
actually dissolved in the syrup, wc can find by difference the amount of sucrose 
present in a supersaturated form, which could crystallize out at the given 
temperature if the syrup were strongly agitated. 

AcDOQDt Crystalllfliig Out on Graining.—Tlic quantities of sugar capable of 
crystallizing differ very considerably, and in Nos. 16 and 20 the graining point 
was very probably missed and the pan-boiler compelled tu concentrate again 
before obtaining sufficient grain. It is evident that* for a given concentration, 
the supersaturation is greater in pure than in impure' syrups, aitd therefore 
the former forms grain more readily than the latter, partly because a pure syrup 
contains more sucrose per 100 parts of dry substance, and partly l)ccause this 
sucrose crystallizes out more easily from pure than from impure solutions. 

A few examples taken from the foregoing table will show how the crystal- 
litable sugar varies with the purity of the syrup, although in reality this 
difference is somewhat compensated for by the lower solubility of suaose in 
impure syrups. 


^yater. 

Quotient 

Purity. 

Sucrose io 
Soper- 
«aiu rated 
Solution. 

Water. 

Quotient 

of 

Purity. 

Sucrose in 
Super* 
Raturated 
Solution. 

1 19-68 

87*96 

13*70 


1 21-so 

90*5 

9*67 

1 19-64 

61 *37 

12*10 


i 21-74 

87*06 

6*54 

• 1 20-88 

89 93 

12*23 


21-60 

83*02 

3*61 

1 20-80 

80*14 

4*32 


i 22-67 

« 88*68 

5*68 

l 21-46 

84*89 

5*91 


^ 22-61 

87*45 

3*99 

1 21-49 

83*37 

4*75 

4 

1 22-73 

87*40 

2*19 


The graining point is, therefore, not only determined by the density, but also 
by the purity of the syrups, and it is therefore not surpri^ng when an ex* 
peHenced pan-boiler sometimes fails to grain a pan of syrup at the first attempt, 
only succeeding after a few trials. 


* TSa nay be dpM lor lynif. b«i 


lb« ftOh|bnil|r MKTOM to to 
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Boiling.’—Care should be taken, at the outset, to form as large a number 
of crystals as will be present in a full-grown state in the finished massecuite. 
When making a coarse grained sugar, fewer crystals will be required than when 
making a fine grained sugar. In the former case it is customary to grain 
low down," that is to say, to start with only'sufficient syrup to form the 
required quantity of grain, which is then allowed to grow by constantly drawing 
in syrup. In this ca.se, we cannot make use of all the steam-coik, because 
steam may only be admitted to those which are covered by the syrup; conse¬ 
quently, boiling proceeds very slowly. But when making fine grained sugar. 
WG may at once employ the whole heating surface, because the graining is 
performed " high up," when all the coils are immersed. The pan may, there- 
fore, be filled at once and steam admitted to all the coils, and the whole mass be 
concentrated to the graining point. But when, owing to evaporation, the 
volume of syrup diminislics to sucli an extent that the topmost coils are exposed, 
steam must be shut off from these. It is evident that when graining high up, 
the boiling goes on more rapidly than when graining low down, although in this 
latter case the operation may be much accelerated by graining sufficient 
syrup in one pan to supply two pans with grain, the grained syrup being then 
divided between two pans with the same result as-if each had been grained 
" low down." In this way, coarse grained sugar may bo obtained in a pan 
heated by a steam chamber, which is not otherwise feasible. 

By spreading a proof-stick sample upon a piece of glass plate, an experienced 
pon-^kr can judge whether the number of crystals in the grained syrup is 
sufficient for the kind of sugar required. If not, he re-dissolves the ciystals 
by the addition of fresh syrup and by increasing the temperature, and tries 
again after he has concentrated a little further. 

False GralD.—By the careful addition of more syrup, the grain is allowed 
to grow regularly, care being taken that the concentration oi the liquid (in 
which the crystals float) does not become as high as before graining, since thi% 
might give rise to a secondary crystallization (i.e., formation of minute crystals 
between those already formed). When tills happens, it is detected by the turbid 
appearance of the mother liquor in the samples from the proof-stick, and these 
crystals, known as " false grain," must be re-dissolved. To this end a large 
quantity of syrup is drawn into the pan, the injection diminished, and more 
steam turned on in order to raise the temperature. The fine crystals are thereby 
dissolved, the original crystals being somewhat diminsbed in size; but, by 
causing the temperature to^all slowly, the latter commence to grow again. 
Syrup is drawn into the pan either in a continuous stream or at intervals 
until the pan is full. The pan-boiler must not force the concentration too 
much towards the end of the operation, because if fake grain is now formed 
it can no longer be dissolved owing to imp^ect circulation. ' We are ihm 
compelled to leave it in the massecuite, the consequences^ of which will be 
discussed further on. 
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Flnisldii(*^When the pan is full, the supply of syrup is stopped and the 
contents concentrated to a Brix of 92>93^ (a water content of 9-11 per cent.), 
usually at a temperature of 05^ C. (149^ F.) and a vacuum of 730 mm. (28*7 
inches). The temperature and vacuum may bo read from the ^uges, but the 
exact point at which the concentration should be arrested, i.c.. the striking point, 
has to be found by experience* and is detemuned by the firmness of a sample 
(taken by means of the proof-stick), when suddenly cooled in a pail of water. 

The BrMinoseope.-'Some years ago. Curin* constructed an instrument 
which he called a brasmoscope/' which indicates the density of the saccharine 
liquid boiling in vacuo. He started from the observation that between the 
limits of 67HSi cm. vacuum (22 e-191 inches), and C5-74X. (149-165-2® F.) 
every cm. difference in vacuum (mercury pressure) corresponds to a difference 
of one degree Centigrade in the boiling point of pure water. 

Therefore, if a barometer divided hi cm. and a Centigrade thermometer be 
together immersed in water boiling in vacuo, the miTcury will rise the same 
amount in both instruments within the limits mentioned above. This is shown 
by the following table of the tension of water vapour according to Regnault 
and Bloch. 


ture in 
®C. 

Tension of the 
Vapour in era. 
Mercury. 

Vacuum in 
cm. Mercury. 

Tempera¬ 
ture in 

•c. 

Tension nf the 
Va|>oiir in cm. 
Moi cury. 

Vacuum in 
cm. Mercury 

64 

17-80 

5811 

70 

23-33 

52*67 

65 

18-71 

1 

f 

67-29 

71 

1 24-36 

51-64 

66 

• 

19*57 

66-43 

72 

25 43 

50-57 

07 

1 

20*46 

66-54 

73 

26*54 

« 

49-46 

68 

21*38 

64-62 

74 

27-69 

48-31 

69 

22-34 

63-66 1 

1 

t 

76 

28 88 

47-12 


The agreement is very close in the case of boiling water, but less so with 
syrup, especially when concentrated. But. when once the difference is ascer¬ 
tained empirically, the spedffc gravity of the boiling syrup can be determined 
from the readings of the thermometer and vacuum gauge. In Curings apparatus 
a scale of degrees Brix is calculated for the differences between temperature and 
vacuum, enabling th^ density of the boiling liquid to be read off from a sliding 
scale. 

• ••Omt.-VtJt. £«itKto. f. StKJtviad. ttd Uftdv,.’* ISM. 7SS. 
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Tke brasmoscope is only used for ^nps or molasses free from grain; when 
grain is present it only shows the density of the mother liquor in which the 
crystals float. When the roassecuite contains m uch grain, the temperature varies 
so much in different parts of the mass (owing to imperfect circulation) that the 
readings by no means correspond with the average temperature of the massecuite. 

CUassett*s Apparatm«— Claassen* found os the result of a great number of 
experiments that the crystallization of sucrose from boiling syrups and molasses 
proceeds most favourably when these liquids possess a coefficient of super- 
saturation proper to their quotient of purity. The coefficient of supersaturation 
is defined as the ratio of the normal solubility, at a given temperature, to the 
solubility of the supersaturated solution at the same temperature. If the 
coefficient becomes too high, sucrose crystallizes out too rapidly and forms 
separate crystals instead of adhering to the pre-existent ones. If it is too low, 
crystallization takes place too slowly, occasioning loss oi time. The optimum 
coefficient of supersaturation is the same for syrups of the same quotient of 
purity, b\U rises in proportion as the purity of the juice sinks; and since, 
during boiling, sucrose crystallizes out, and accordingly the purity of the mother- 
liquor falls, the coeflicient at the end of the process will have to be higher than 
at the outset. 

Clsasscn determined the most favourable coefficients for beet juices and 
molasses of every range of purity and found that whilst boiling a syrup masse¬ 
cuite it should not exc^ 1 *20 ; only at the end, when the purity of the mother- 
liquor is low. may the supersaturation be raised to 1*30. * 

The coefficient for after-products massecuites has to be kept higher than 
for massecuites from syrup, as has been shown by Gaassen, who gave data 
for the proper coefficient for liquors of every quotient of purity. 

Claassen constructed an apparatus by which the water content, and con¬ 
sequently the coefficient of supersaturation of the mother-liquor in the pan, 
can be constantly recorded during the boiling process; this is drawn up 
the same lines as Curin's, only is much more accurate. 

He found the following data for beet juices 


WATER CONTENT 


Tempera to re of the 
boiling massecuite. 

Purity of the mother-Uquor. 

90^ 

75* 

w 

70 

^ 17S 

15*2 

13-2 

75 

16*4 

14*5 

12-6 

80 

16*6 

13*8 

11-9 

86 

14-7 

13-0 

11'2 

00 

13*8 

12-2 

10-5 

05 

12-9 

n-4 ‘ 

9-7 


• ••ZatKkr. fUbnneMBa." 1997, 12S2. 
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During bdliog tbe water content of the mother-liquor is at the tempemture 
affixed. 


Temperature. 

During tbe 
firet period. 

During tbe i 
second period. ! 

During tbe ' 
last period. 

Wben 

finishing. 

70 

12-5 

12-0 

11*5 

li-O 

75 

124) 

11*5 

11*0 

lOS 

so 

11*5 

11-0 

! 10-5 

10-0 

85 

11*0 

10*8 

10*0 

I 9-3 

90 

10*0 

10*5 

9*6 

8-7 

96 

9*5 

9*0 

8*5 

81 

100 


1 


7-7 


Roles for boiling Symp Masseealtes.—Up to the present no data have been 
collected relating to cane sugar juices and molasses ; in fact neither Curin's 
nor Claassen's apparatus seems to have found any application in cane sugar 
houses. Pan-boilers prefer to work by rule-of-thumb methods^ whicli^ it is truo» 
have, up to now, given excellent results in experienced hands. In order to 
form a basis for that work we give here the general rules on the subject prepared 
by G. Bartsch* 

1. The syrup should be dear, and 5^ C. hotter than the boiling temperature 
prevailing in the vacuum pan, 

2. The thinner the syrup the larger will the crystals become, and vice 
versa. 

3. The bolder and the more regular the cry*s(als required, the weaker the 
thread and the lower the final concentration. When making fine-grained 
sujar the massecuite should be strongly concentrated before every fresh portion 
of syrup is drawn in. 

4. When making large crystals, the syrup should drawn in in large 
penrtioDS at a time, and when making fine grain the portions should be small 
but frequent. In no case, however, should the supply of syrup be so large as 
to re-dissolve existing crystals. 

6. The more regular and the larger the crystals desired, the slower and the 
quieter has boiling to proceed, while a brisk boiling favourable to the forma¬ 
tion of small crystals. 

6. In tbe ca s e of large crystals, the final concentration may be a high one, 
gin ce large grain facilitates the spinning-off of the molasses in the centrifugal \ 
great care ought,^however, to be bestowed on boiltng-olf, as coarse-grain masse- 
cuites are liable to fofm false grain between the crystals. 

















214 CONCENTRATION OF THE JUICE 

f 

7t When gaining, the caJandria or the heated coil ought to be kept some 
inches under the level of the syrup ; and, according to the sit^c of the crystals 
required, the amount of syrup present in the p^n at the moment of formation 
of the grain should range from 25 to 40 per cent, of the total quantity of synip 
required for the boiling. 

8. When graingig, the coeflicicnt of supersaturation, as shown by the 
appearance of the thntad, should be such that after no more than one additional 
supply of syrup the necessary number of grains is present. This is a cardinal 
point for obtaining a regular crystal in the product. If in order to secure the 
n'quired number of grains, syrup has to be drawn in more than once, the sugar 
will become of imtgular appearance. 

9. The howling mass sliould be kept thin a1 the outset. If it becomes too 
thick, there is danger of false grain being formed. When the boiling is half 
completed, it should be still so thin that it nms easily out of the hollow of tlie 
proof-stick. 

10. The lighter the colour of the sugar intended, the lower the boiling 
temperature should be kept. 

11. False grain should be rc-dlssolvcd as soon as the stage of the boiling 
permits. In the second half of the boiling process no rc-solution in water 
should be attempted for fear of entrainment. When re-dis.solving the false 
grain by raising the temperature, the transition from a high to a low vacuum 
should be a slow and cautious one, after which a fresh supply of syrup should 
at once bo drawn into the pan. 

Discharging the Pan*--As soon as the massecuitc is ready for discharging, 
the steam is shut off, the air-pump and injector stopped, and air admitted 
to the pan by opening a cock in the top of same. The discharge door can then 
be opened and the massecuitc falls from the pan into suitable receivers. 

Cutting.—When the grain is very small and a la^er grain is wanted, only 
half Uic contents of the pan are discharged, and after being again closed fresh 
syrup is added and boiled, so as to permit the crystals to grow larger, a process 
which bears the name of" cutting.*' 

Steaming.—When the pan is empty, a certain amoimt of masseoiite always 
remains attached to the coils and to the walls of the pan, which, if allowed 
to stay, would become charred by overheating and produce dark-coloured 
lumps in the sugar of the next strike. Formerly, those crusts were removed 
by steaming out the pan, when they became loose and fell tbreugb the discharge 
opening. The steamings were kept separate, so that those from several openi'- 
tions might be cured together, or they were dissolved in the cane juice. But 
later, the discharge opening ctf the vacuum pan was frequently connected direct 
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with the ctysUllifcn, rendering the separate coUectign of the steaAimgs 
impossible. This difficulty sometimes induced pan-boilers to abandon steaming 
out their pans, with a deleterioos effect on the appearance of the sugar. The 
best remedy is to draw clarified juice into the pan as soon as this is empty and 
ready to receive a fresh charge k syrup. This juice enters the pan through a 
pipe of 1 or 2 inches diameter, carrying a perforated nozzle at tlio top of the pan. 
The juice falls in a gentle shower against the and waltfbf the pan, detaching 
the crusts of sugar and dissolving them completely, while a fresh supply of 
syrup is being concentrated in the pan. 

ComposltlOQ of a Massoeulta and Us lIoUtt6S.--One of a series of analyses 
of massecuite and of tlie molasses occurring therein, between the crystals, is 
given below. In this eaampk, a pure syrup was amccntralrd. grained, and 
boiled, and from time to time samples were tak^ from tlw pan and divided 
into two pc^ons. One these was analysed, and the other cured in a hand- 
centrifugal to separate the molasses, which was also analysed The following 
results indicate the composition of the massecuite, and d the cemtained molasses 
at several stages of the boiling proces. 


Nitv* oT Uw Stspb Hd SUfe 
of tbi Pnei» 



Coocealrttod lynip at tbs gnuoiog pent.. a0*43 ai*61 
Metber-Iiqoor separated after cooling . .| 11*00 73*60 
Uanecuite (pan i foil) . 00*60 01*7 


Mohisce 


(paoffun) 

(panffoU) 

(pan qinte fall) 

{separated hot) 

(after cooUng and fihratioa) 


77*8 
73 


70*0 


..I 00 67 01 a 
.. 01*87 03 67 77 4 j 719 
.. 01*87 93*6 70*4 |81*0 
..176*07 83*6 63-0 1 66*6 
..I 76*68 


3 ii 


|S ' < 


1*60 
6*60 3*40 
6*60 8*091 67*8 64 
6*40 3*10 66*3 65 
6*40 8*16 66*8 84 
6*40 8*13 66 
13 60 6*93 
13*41 • 



Solubility before and after Graining.—The cimcentrated syrup therefore 
contained 12 *67 per cent, of water and 70*21 per cent, of sucrose at the graining 
pmnt, (K 368'departs of sucrose per 100 parts d water. At the temperature of 
51^ C. sucrose dissolves in water in proportimi of 72*44:27*56. When tbit 
syrup had completely crystallized, showing the nAmaJ solubility of sucrose 
in the water present, the said water would have been able to dissolve 

61-44 per wot. of socrose at 61* C, and 70-21 -61-44 

27-66 

18*77 per cent, woul^ crystallize out. In reality the figure iof the solubility 
d sucrose is much less than the theoretical solutality, as is seen from thr 
analysis of the mother-liquor, which was obtained later at a temperature of 
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28^ C In this liquor, 29 parts of water coataioed 58*4 parts of sucrose* or 
201*4 parts of sucrose per 100 parts of water. At that temperature, 100 parts 
of pure water can bold 2)5*3 parts of sucrose in solution. After complete 
cooling* only 39 *41 per cent, sucrose is retained in solution, and 30*80 per cent, 
has crystallized out. 

The syrup used in this experiment being of constant composition, the 
analyses of the contents of the pan do not show much variation at different 
per ods. Tlw molasses separated hot from the last sample contained 55*8 
parts of sucrose on 21 *03 parts of water* or 265*3 parts of sucrose per 100 parts 
of water at 62'' C. The solubility of sucrose in pure waler^t that temperature 
is as 25*42: 74*58, or as 100 : 293*4. Again the solubility of sucrose is less in 
the impua* water of the molasses than in pure water. The cooled molasses 
was rendered turbid by minute sugar crystals, which separated during cooling* 
and which were so small that they could not be separated by filtration 
through asbestos or glass-wool, but passed into the filtrate. Consequently, 
the analyses of the filtered molasses gave almost the same results as the molasses 
before filtration. In this impure liquid tlu* influence of temperature on the 
solubility of sucrose w:ls the same a.s in pure water. On 100 parts of water 
2934 —215*3 * 7H*t parts of sucrose must have crystallized out, or 
7g«l y 21 *n*t 

1643 on 100 parts of molasses. Hie extremely small size 

100 

of the crystals prevented their direct estimation, so that it is impossible to .say 
whether this figure was actually obtained, but the quantity did not appear to 
exceed a ft w units pur cent. Hcncc, in these .solutions the ratio of sucrose to 
water is not only influenced by the normal soluUlity <4 pure sneroso in pure 
water, but also by other dmimstances of a much mon* complicated nature. 


n.— MASSECUITE YIELDING WHITE SUGAR. 


9 


StftuR H tlir Sample and Slasc o( 

(hv Ihalb^ hntm. 

? 

i 

1 X 

b 

; a 

4 

1 

1 

ll 

1 

P' 

i 

l| 

< 

Concentrated syrup nl thn icraining p^^at .. 

SU*5 


73*t 

73*18 

4*93 

U50. 

6946 j 

68*34 

Cold molasses after urystalhiation .. 

id'W 


60*ff7 

61*10! 

5*74 

1*84 

6645 

64*09 

Massecuite. pan ) full . 

89*36 



6006 

5*43 

1*63 

69*70 

86*40 

MoUsAes cuntaiiMil therdn .. . T 

77-OZ 


vm 

6043. 

8*15 

3*16 

77*64 

76*0 

MaasecuJie, pan ) full . 

8916 

90*13 

79*93 

6040 

5*34 

1*65 

69*96 

6847 

' MoUmcs contained therein. 

76*41 ; 

77*63 

67*66 


840 

.1*15 

78*33 

75*65 

MasMcuite, pan { full . 

90tl 

90 63 

8243 


5*01 

)*44 

91*66 

90*94 

Molas»c» contained therein. 

76-Sl 

9046 

61*54 

iTBi 

9i00 

3*25 

80*69 1 

7640 

MBMoemte (pan full) . 

68*63 

69*91 

80 56 

60*75 

6 35 

1*46 

90*601 

69 39 

MoUawja Kcpanted hot . 

76*76 

60*74 

68 96 

6918 

1063 


76*14 

78*03 
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Amount of Sucrose crystalUzlnf In the Pak—It is a fact that the qyantity 
of sugar crystallizing from a massecuite increases as the water content dimin¬ 
ishes. although this Increase is not proportional to the incrojtsc in concentration. 
The more a massecuitc is concentrated, the greater the quantity of sugar that 
crystallizes, but in practical working certain circumstances prevent the con¬ 
centration procc'eding beyond a certain hinit, viz., alioiit 0 to 8 |>cr cent, of 
water, caasing the composition of a first inasst'cuite. lK>ilod from average juice, 
to be 


Sucrosi' 


9 4 « • 

8M0 

Reducing sugars .. 


♦ ^ * • 

0*93 

Ash 

• • 

• # 9 4 

M2 

Water 

^ 4 

9 4 9 4 

8 66 

Undottrmiiicd 

1 » 

4 9 4 9 

2*16 




l(KHK) 

massecuite from impure juice may give ihe following figun*s 

Sucrose . . 

• « 

• 

.. 7410 

Reducing sugars .. 

• 4 

• ♦ ♦ 9 

11 *07 

Asli 

4 # 

9 9 9 9 

1 54 

Water 

4 • 

• 9 ♦ 9 

9*02 

, Undetermined 

4 4 

9 « 9 » 

4*27 




100 <)0 


But, though it may appear absurd, the quantity of crystallizt'd sugar docs 
not vary very much in the two cases. provicUKl that tlu^ amount of water is 
approximately the same, as sugar is much moix'solubki in iiw liquid portion 
Contained in a pure massecuite tJian in that of «in impure one. 

We may assume that in a pure massveuite, aft<T being completely cooled, one 
part of water bolds two parts of sucrose in solution. soUhat in the massecuite 
containing 8*66 parts of water, 17*32 parts of suctosc arc in a state of solution, 
and 81'10 — 17*32 ^ 63*78 as crystals. 

Limits of the GODeentratton.—If we could concentrate this massecuite 
further, every part of water whicli is evaporated should cause two parts of 
sucrose to crystallizr, so that in a massecuite comaining 3 p^r cent, of water, 
only 6 per cent, of sugar would remain dissolved and the balance be present in 
the crystallized form. It is, however, impossible to reach such high concentra 
tions unless some radical changes are made in the modus operandi, because the 
last portions of sucrose to crystallize would not be deposited on the crystals 
already formed, buf between them, as false grain.’* owing to the total cessation 
of circulation in so stiff a mass. We have already remarked that perfect 
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diailftion is an essential condition of ciystaUine growth. Moreover, in the 
absence of circulation, those portions of the massecuite which are in actual 
contact with the steam coils, or other heating surfaces, would become over* 
heated and caramelized, and heat would cease to be transmitted to the more 
distant portions of the massecuite. Finally, it is not possible to get such a stiff 
massecuite out of the pan, and for these several reasons one is compelled to 
leave so much water in the massccuites that 12 to 18 per cent, of the sugar 
remains dissolved and is removed in the molasses during curing. But. as an 
appreciable portion of that sugar could be recovered as first sugar (owing to 
the fact that it passes over into the molasses as syrup), many devices have 
been suggested for increasing the fluidity of massccuites and the circulation 
in the pan. so as to induce a part of the dissolved sugar to deposit on the crystals 
already formed, and thereby be recovered in the first sugars. 

It is, of course, quite as impossible to recover alt this dissolved sugar, as it is 
to clarify juices so thoroughly that a pure .sugar solution results. The juices 
will always contain certain impurities which have to be separated from the sugar 
crystals, and this separation is brought about by converting the sucrose into 
a solid (crystal) whilst the impurities remain in solution. 

A part of these non^sugars has combined with sucrose to form syrupy 
combination, while a second, not unimportant, part remains dissolved in that 
thick material adhering to the crystals. On increasing concentration, we very 
soon reach the point of 81^ Brix. mentioned by Van Ginneken. beyond, which 
the sucrose crystallizing out has a strong inclination to fmn minute grains 
instead of depositing on already existing crystals. This inclination would be 
strengthened by any defective mobility of the sugar crystals in the thick mass, 
such as hampers circulation and keeps off the sucrose molecules ready to 
crystallize out from the planes of those already present, thereby forcing ^em 
to form false grain. Practically, therefore, there is a limit to concentration, 
50 that simple evaporation of the water from the syrup is not sufficient to 
cause all the available sucrose to crystallize out in ont operation. 


Increase of Mobility by Addition of Mobiles.—It is, however, posrible to 
restore the mobility of the growing crystals so necessary f^ their development 
in every sense, by adding molasses, obtained on curing a previous massecuite, 
to the already well-concentrated syrnp massecuite in the pan. This molasses, 
saturated with sucrose as it b, does not dissolve sugar kom the crystab, but 
dilutes the sticky inother*liquor adhering to them, and allows them to Mparate 
and so reassume their mobility. By thb means they are cabled to attract 
tho crystallizing sugar molecules to their surfaces during the subsequent 
evaporation and to grow regularly until at the end of the evaporation the 
vacuum pan b full of a mass of sucrose crystab swimming in a bath of a thick 
mixture, or a combination of sucrose, glucose, fructose, carlmel, salts of organic 
mid inorganic acids, which on further concentratiem do not give up any mors 



BOILING 


219 


crystallized sucrose. As. in the case of impure solutions, the presenc; of a 
large amount of crystal surface is necessary* to prevent formation of false 
grain, the proper crystallization is the more certain the smaller the crystals 
are. and therefore it is necessary for the highest recovery of sugar crystals from 
impure solutions that the grain ^'be small and fine. 

But even then crystallization from such impure solutions as arc considered 
here is much too slow to be completed during the short time of boiling in the 
vacuum pan. 

After the massecuite has been struck, crystallization goes on. even at high 
temperature, owing to the transformation of sucrose proceeding from the amor¬ 
phous into the crystallized state, and later on, though to a much smaller degree, 
by the lesser solubility at lower temperatures. Owing to the great bulk of the 
liquid portion of the massecuite (sometimes amounting to 60 per cent, of its 
weight) which is necessary to ensure proper circulation, this aftor'Crystalluation 
yields an important amount of sugar, so that it is worth while to induce that 
sucrose to adhere to the pre-existent crystals and not to form minute crystals 
of its own account, which are liable to go to waste in the final molasses. 

Praetleal Disadvantages of Complete Crysta]Uza(ioo.--But in order to attain 
this end. a very copious addition of molasses to the syrup massecuite is necessary, 
and the capacity of the vacuum pan is diminished in proportion to the amount 
of this uncrystallizable material. Moreover, as much time and storage capacity 
are required to allow the last portions of dissolved sucrose to crystallize out 
from the hot mother-liquor, this method of effecting complete crystallization 
of first massecuites has had to be abandoned and other methods substituted for 
it. 


Various Methods of adding Mola$sas.^In the first attempts, the concentrated 
$ 3 gup massecuite was mixed with about half its volume of hot molasses of about 
80^ Brix. and the mixture boiled for a qiiarter of an hour, and subsequently 
cooled in motion. As the molasses obtained on curing of the same com¬ 
position and purity as the molasses which had been added, this last had not 
lost any sugar, and only served for dilution. The advantages ascribed to this 
system were that a diluted massecuite can be discharged from the pan much 
more rapidly than a stiff one. and that steaming out is obviated by the absence 
of hard crusts on the coils, and adhering to the walls of the pan. A better 
yield of sugar is obtained on curing, and of better quality than from \mdilutcd 
massecuite. But. as the purity of the molasses added to the massecuite was 
the same as that yielded by it (viz., from 55* to 60*).the increased yield was 
not as great as the inventors claimed. 

CenefntntleB of the Mixed Maeaeculie.— A great improvement was effected 
by concentrating the diluted massecuite to 93-94^ Brix, which yielded molasses 
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oi 501 P^^y* Some of the dissolved sucrose in the added molasses then 
crystallized out. thereby increasing the yield of the total massccuite. This 
improved yield necessitated a decreased yield of second sugar, but as first sugar 
fetched a hight^r price, the advantage was perceptible. In any case, there still 
remained a s(xond product, bccaase the volume of diluting molasses and the 
required storage capacity would become too great if the dilution were pushed 
so far that the finished massccuitc yielded first sugar and exhausted molasses. 
For if the quotient of purity of the finished massecuite had to be reduced as 
low as 60^ by diluting massccuite of 8t>^ purity with molasses of 45^ purity, 
only onc-third of the pan capacity would be available for boiling syrup (un* 
diluted). 


Complete CrysUlUiatlon la Two Stages, —In order to avoid these inconveni¬ 
ences. and yet obtain only first sugar and exhausted mobnsscs. crystallization 
is now effected in two stages. I he syrup massccuitc is diluted in the pan with 
molasses of 46^ purity, so that the purity of the mixture amounts to 75®. after 
which it is concentrated to 93® Brix. It is cured hot (before being completely 
crystallized) and the great bulk of the sugar is thus recovered as first product 
without loss of time or resorting to coolers. The molasses obtained on curing 
has also a purity of 45®. so that the added molasses only serves for dilution 
without being deprived of any sugar. In addition to tbe molasses added 
to the massccxiito. recovered unchanged in composition and purity, we also 
obtain molasses of similar composition originating from the syrup in tho masse* 
cuitc, so that after the separation of the sugar, the total amount of molasses 
of 46® purity is increased. Tliis is re-boiled and crystallized, so as to yield 
exhausted molasses of 30® purity once or twice a day. depending on the quantity 
of molasses and the capacity of the vacuum pans. To this end. a small quantity 
of syrup is boiled to massecuite. and mixed wifb as much molasses of 45® purity 
as will reduce the purity of the mixture to 60®. The mixture is concentrated 
to 06® Brix. or even higher, discharged into coolers, and cooled slowly in motion 
down to 45® C. After two or three days* cooling in motion, this massccuite is 
cured and then >ields sugar of similar quality and appearance as the first pr^ 
duct, and exhausted molasses of 30® quotient, which passes out of the manu* 
facturc. When the work is well conducted, as much exhausted molasses of 30® 
purity is removed every day as daily enters into the factory in the }uicc in tbe 
form of impurities or non*saccharine matter, and the quantity of molasses of 
45® purity whidi circulates in the factory Is just sufficient for the necessary 
dilutions and admixtures. 


Deeomppsltlon of MoUises by Repeated Coneentratlone. —Consequently, in 
this process, a part of the molasses never leaves the factory, but is repeatedly 
returned to the pans, and being partially decomposed by®repeated heating and 
concentration, it becomes acid and gummy, and contuns so many impurities 
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that it is no long<fr possible to reduce the purify of the exliaustcd molasses to 
the d^red point, as at the commencement of the operations. Moreover, 
the cured sugar develops an unpleasant smell owing to the adhering sour 
molasses, and might deteriorate during storage or transport. When such 
molasses was boiled separately, and the proce.sssUrtcd anew w\ih fresh molasses, 
the purity of the exhausted molass^^s at once drop{M*d lo the disircd figure of 
30^ and this induced manufarlurers to avoid keeping iiiulass<.s in rirenbtion for 
too long a time. 


Avoiding Decomposition of Molasses.- This is accomptislmJ in llu^ following 
manner: a massecuite boiled from syrup is coole<l and cured, yiehling HO t>er 
cent, of its weight of molassi^s of, say, 70® purity. This mola.ssc's is added to 
a second synip massecuito. the mixture concentrated, coohd. and cured, yielding 
molasses of about 60® purity. This is again mixed with a syrup nuLSSccuite 
until the resulting mola.sses reaches the purity of exhausted mola.sscs (about 
30®}. Now all the molasses in circulation is added to syrup massecuite. so 
that the mixture has a jmrily of 60^ lltc moJasM's oluained on curing this U 
exliausted, and can be removed and the process started anew with fresh synip. 
In this way. all the available sugar may be obtained as first product after 
4 or 5 days' work, leaving an exhausted molasses, the quantity of molasses 
remaining in circulation being small, so that overheating, sourn<!SS, and accumu¬ 
lation of decomposition products are avoided. 


''Absolute RecoveryProcess.— These operations have l>een further 
modified and led to the so-called "absolute recovery" procejw. now to be 
described in detaU. In order to reduce the purity of the first molasses, that of 
the syrup may be reduced to 80® by mixing it with first molasses of. say, 60® 
p^frity. Tlie resulting massccuitcs of 80® purity will yield molas.scR of about 
60® purity. When the syrup is not higher tlian 80®, this mixing with mola.sses 
is omitted, but in the case of adding the conamtrated molasses lo the syrup 
care must be taken not to concentrate (ht* latter to the same degree as when 
no molasses is mixed with it, for I he concentrated molasses would raise the 
density of the mixture so high that too small a grain would result. The 
massecuite, having a purity of 80®. is cured hot. and yields first sugar and 
molasses of the same purity as that used for mixing with S 3 mip. viz.. 68-60®. 
Sufficient of this molasses is drawn into a second n^assccuitc (of mixed syrup 
and first molasses of 80® purity) that the purity of the mixture becomes 70®; 
this is also concentrated and cured without cooling, and yields first sugar 
and a second molasses of 48-60® purity. Finally this is added to a third 
massecuite of 80®. until the mixture has a purity of 00®. Tliis is highly con¬ 
centrated. cooled gradually, and. on curing, yields sugar and exhausted molas.se8. 
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Genetal Rolec for the Serlee«of Bofflop. —These systems have undergone 
evexytkind of variation and change, according to the purity of the syrup, to 
the assortment of sugar to be made, to the capacity of the exdsting plant, etc 
On pages 265, 206 and 267, we give a scries of schemes in use in the different 
countries of production from which it will be seen that the general features 
common to all of them are 

1. All massecuites are boiled to grain either with seed from syrup or from 

molasses sugar. t 

2. The hrst strikes are derived from syrup, either in combination with a 
seeding by molasses sugar or not, while no more molasses is added than is 
needed to dilute the stifl mass and allow it to run speedily out of the vacuum 
pan. 

3. The second strikes arc derived from a seed of syrup and the molasses 
from the first strike. 

4. The third strikes, yielding exhausted molasses, are derived from seed 
of syrup and the molasses from the secmid strike. 

5. The first and second strikes are centrifu galled hot without awaiting 
the after^crystalliaation. 

6. The final strikes, yielding the exhausted molasses, have an apparent 
purity of about 60^. They are boiled slowfy to a very high concentration, and 
cooled in motion over a long period (even a week or more) in order to get as 
much as possible the full efiect of the after-crystallization. 

Partteolars of the Frooess.~The following general rules should be observed 
in executing the work 

Before returning the molasses to the pan. it is heated with steam to a 
higher temperature than that of the already formed massecuite in the paw, 
because, otherwise, it would not mix* properly with the massecuite, and by 
suddenly cooling it. d, part of the dissolved sucrose would be precipitated as a 
'"false grain." The molasses is steamed before being drawn into the pan, 
and the froth removed by means of wooden ladles. Steaming renders the 
molasses more dilute and easier to handle, it dissolves the fine grain usually 
present in it, and thereto eliminates the possible formation of a secondary 
crystallization, which causes mudi trouble in the centrifugals by choking the 
linings. • 

In some factories the molasses is diluted with water, but in most cases the 
steaming causes sufficient dilution. The steaming ppe must be perforated 
on its under surface, otherwise it may get choked suUding impurittee when 
the steaming is temporarily stopped. As the heavy imparities remain in the 
molasses, such steaming and tirfmmjng opmtims are not very effectiye. 
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aad it would be far better if the molasses could be completely clariiied and thus 
be rid of all suspended impurities. As cane molasses is much too gumihy for 
aubsidation or filtration, the author suggests experiments with a high-speed 
centrifugal separator (2»000 revolutions per minute), by means of which the 
insoluble impurities might be deposited against the interior of the drum and 
the clear molasses passed out. 


Caleulatlon of Maaseenlte from Syrup and from Molassei«— The quantity of 
syrup xnassecuite which ^ouid be in the pan before molasses is drawn in, 
that is to say, the ratio between the massecuitc bailed from syrup and from 
molasses, will depend on the purities of these two constituents and on the use 
made of the resulting molasses. 

Pasma* gives the following relations between the purity of mixed masse 
cuites and the molasses obtained on curing without previous cooling 

Massecuite of 90 purity yields a molasses of 75 quotient. 
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When it is necessary to add a molasses of 50^ purity to a subsequent masse¬ 
cuite, die massecuite yielding such molasses must have a purity of 70*^, and so 
on. But, if it b customary to use molasses of a fixed purity for all kinds of 
massecuite, the purity of the juice or syrup will decide the quantity of syrup 
massecuite which must be present in the pan when the molasses b added. 

For example, supposing that molasses of 50* purity b usually added to the 
second massecuite, mixed massecuite should then have a purity of 70^, and 
we get thU by mixing x parts of syrup massecuite of purity a with 100 — x 
parts of molasses massecuite of 60^ purity. We see that the value for x depends 
on that for a (parity of the syrup) and that the percentage of syrup massecuite 
that must be presoit in the pan before the molasses is drawn in, to form a 
mixed massecuite oi 70^ quotient, may be calculated from the formula 


tf X X + 60 (100 - x) ^ 100 X 70 


X X X — 60 X s 7000 — 




^ 200U 
* a -60. 


Thb percentage becomes 
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This means that with syrup dJ 85® pxirity, 67 *2 per cant, of the mixed con¬ 
tents df the pan mast consist of syrup, and the balance of hot molasses. With 
syrup of 80® purity, this percentage becomes 66*7, and so forth. 

Whore the same pans arc always used, it is advisable to calculate once for 
all the height to which each must l)c hllod with syrup massecuite for different 
purities of syrup and of mixi^j massecuiic, and to mark the outside of the pan, 
so that the pan-lx>jlor may All the pan with syrup massecuite to a certain mark 
in every instance before drawing in molasses. 

Hasseouites yielding ** Green" Molasses are cured hot.— When molasses 
hav<' to be rcdwiUxl in tlic course of manufacture, the massecuites yielding such 
mobsst s need not completely crystallised, and arc therefore usually cured hot 
to save time and su^rage space. The purity of the molasses so obtained without 
previous cooling is known hy exfxiTicncc. and serves as a ba.sis for calculating 
the proportions between the two components. 

MasseeuUes yielding Exhausted Molasses are eooled.--This. however, is 
not the case with massecuites yielding exhausted molasses, where every effort 
should be made to induce ixs much sucrose to crystalli7.r as possible, and in 
the most favourable form to be recovered, because any sugar which fails to 
crystallize or which crystallizes as minute crystals wliiclt cannot be separated 
in the centrifugals, disappears in the exhausted molasses and is lost. The 
boiling, cooling, and curing of the molasses massecuites, therefore, require 
much attention and skill, also suitable plant, since any losses which* occur 
cannot be rectified. 

Shape of the Pan for boiling Molasses.— The vacuum pan used for boiling 
.final ma.SvSccuitcs sliould not be deep, the proof-stick should be fixed as low as 
possible, the .sight-glasses extended to the bottom, and a good circulation 
maintaimxi. TIut« conditions arc necessary to prevent the conccntrate<J 
massecuite settling to the bottom, instead of mixing with the molasses, and thus 
frustrating the^ object aimed at. Pans provided with steam chambers, so<aUed 
calandria pans, are not suitable for boiling these massecuites. owing to the 
difficulty of gauging the quantity of syrup massecuite in the pan before 
introducing the molasses. 

Method of boiling nnal Masseeultea.—When boilir^ a molasses massecuite, 
we first calculate the proportion of syrup massecuite and molasses to be added 
to yield a mixture of 60^ purity. Usually the proportion of syrup massecuite is 
from one-quarter to one-third of the total volume. Such a massecuite must be 
kept free from false grain, and care must be taken to form sufficient grain as will 
ensure a proper proportion of fully developed crystals in the fini^ed massecuite. 
The crystals increase in use during boiling, but their numbeashould not increase. 
It i$ tliereforc advisable to grain hi^ up, so that after two or tlirae additions 



BOILING 


of syrup and concentration, sufficient massccuiti is in hand, and the introduction 
of molasses commences. The molasses is drawn in slowly atni n’gnluily. in 
not too large quantities at a time. The mixed massecuite is boiled at a 
rather high temperature, vu., 66® C. (150*8® F.). at a vacuum of 70 c.ni (27*5 
inches), and concentrated to about 96® Brix. just Ix^foix* discharging, the 
massecuitc is wanned to 70® C. (158® F.) in order to facilitalr its discharge 
from the pan. by slackening the speed of the air*pum]> and diminishing the 
injection. The steam su|:^ly Itcing then turued off, and the air-pump and 
injector stopped, air is admitted to the pan and the hot mass4*cnite discharged 
into coolers by opening the bottom door of the pan. 

Composition of Massscuites and tbolr Molasses. A (iuml)er of analyses of 
ma.ssecuttes and tbc contaiiuKl rnulasst's at various .stag<s of tlu* healing procc'ss 
are recorded ben*. They illustrate the coinpevatton of the rontejits ot the pan 
and the gradual cxliaustioii of the motliiT-liquor during Inriliug. 


t—MASSECUtTES MIXED WITH MOl.ASSBS YlEhOlSG 'GRUKN" MOLA8SES. 
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We notice here a constant lowering of the quotient d purity of the mother* 
liquor in proportion as the evaporation of water proceeds, such evapmtion 
being favoured by the better drculation after each addition of molasses. 

The molasses separated from the above massecuites are mixed with syrup 
ma^^secuites in other pans to form the following mixtures^ 


IL—MASSECUITKS YIELDING EXHAUSTED liOl.ASSES. 
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99*0 

1 

998 

965 

:40*o 

87*6 

40 
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r. 

• 

1 

1 

1 




4 


Conceatrated primary massecuite 

4 

90 2; 

74-2 

78*8 

5*88 2 81 

84*7* 

1 80*2 

1 

BloIasM used for miziog 

.. 77*6 

{ 81-6 

381 

44-0 

18-4 8-40 

86-7 

' 40-1 


tftxed maJHCuita after 1 addition 

..;91-4 

1938' esc 

. ^ 

69-8 

9-4 S 87 

76*8 

1 

69-9 

68 i 70 

Motber-Uquor. 

..;9l*Gi$7-44* 37 S 

43-8 

17*8 7-20 

'83*4 

42*8 

68 ' — 

Mixed maasecaits after t addibona 


;e9-4 

84-1 

11-6 4*71 

|7l-2 

04-0 

60 71 

Motber-Uqoor. 

.. 80 IC 

83-8 

3.1-3 

40-7 

14-8 808 

, 60-3 

39-7 , 

00; -- 

Mixed naSMcnite after 4 atldKioos 

.. 89-3 

92*7 

M-8 

01-4 

12-8 8-10 

6H-7 

OJ-2, 

08 : 71 

Mother-liquor.• 

.. UA 

892 

33-2 

403 

20-0 7-08 

48 0 I 

87-a , 

68 — 

Mixed maaaecuite finisbed 

.. 90*9 

94-5 

64-4 

69-4 i 

1 

1 14-3 8 81 

68-31 

87*9: 

70 1 71 

Motber-ljqQOr. 

.. 94-0 

90-1 

29-S 

37*7; 

22-8 9-8 

460 

32-8 1 

70 ■ 

MoUaiw aeparated after coolittg 

.. 83-2 

89'4 

24 0 

31-8; 

;24-1 0-9 

40-4 

1 

1 

27*8, 

40 1 - 


The massecuites were discharged hot. uiiU this explains wliy in some cases 
the purity of the mother-liquor uf tlic finished massecuites is higher tlian at a 
previous stage of the boiling. Wc again notice a constant lowering of the purity 
(A the mother-liquor as crystallization proceeds. The advantages of cooling are 
shown by the purity of the molasses obtained after cooling, being about ten 
points lower than that of the mother-liquor present in the hot massecoites. 


CrjrttaUliation of SaeroM dnrlog Cooling.—This decrease in purity is really 
due to orystaUization of suaose and not to sourness or inver^on durii^ cooling, 
as is proved by the relation between the figures for reducing sugar and ash 
in the last mother-liquor and in the exhausted molasses. If the molasses 
contained more reducing sugar for the same amount of ash than the final 
mother-liquor, this would prove that the former had increased at the expense 
of the sucrose content and quotient of purity. In the examples cited above, 
these ratios are as under 



I. 

II. 

III. 

IV. 

Hnal mother«liquor 

.. 3*01 

2-56 

2-28 

2*34 

Eidiausted molasses 

.. 2 05 

2*49 

2-46 

2*43 


and we are }U$ti£ed In concluding that as the ratios arc not perceptibly disturbed 
no appreciable inverrion or decomposition has taken ^ace during the cooling 
process^ and that the decrease in quotient of purity is not due to decomposition 
or inva*aoD but to crystallization of sugar. ^ 

The four analyses mentioned above are examples of practical working, and 
show us bow the mother-liquors beemne gradually exhausted with the formation 
of comidetely exhausted molasses. 


The hot mother-l|quors deposited sugar in the sample bottles, but the 
crystals were too fine to be determined quantitatively. 
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Ratio of Sucrose to Water In Final Molasses.— The ratio of sucrose to water 
in the mother-liquors and final molasses cannot serve as a measure of the 
solubility of sucrose in the water present in those liquids, since they chiefly 
consist of hydrated combinations of sugars and salts, in which the amount of 
sucrose depends on the amount of reducing sugars simultaneously present, and 
the amount of water on the degree of concentration of the finished massecuite. 
It is obvious that if concentration had been carried further, a few more per 
cents, of water wouhl liavc been driven off from the saline combination, and 
although no sugar crystallizes out or becomes dissolved, the ratio of sucrose 
to water wotild i>c completely changed. 

The above examples from practice show that the concentrations, etc., 
referred to attain the desired result, since an appreciably lower apparent 
purity of the molass^'s than 23^ will hardly be possible. 


Caleulatioo of Massecuite from Sucrose. —Pasma* calculated the total 
quantity of massi'cuile obtained on working up the syrup by various methods, 
for dittorent purities of syrup, viz., IK), $fl, A5, and 62^, and on a ba.sis of 100 
parts of dry substance in syrup and in mas.s4*cukrs, so that the water present 
in the different products may be ignored, lie classifies the methods of working 
as follows 

A. Original method of adding the molasses in two operations (page 220 ). 
a. With mass(.*cuites of 05^ quotient, ykldir^ green molasses .and 





00® 

#9 

9$ 

final 

PP 


b. 


f$ 

70® 

99 

9P 

green 

99 

and 


9 9 

9 9 

6f)® 

1# 


final 

9 9 



B. Tlie more modem method of bcnling with a minimum quantity of 
molas.s(^ in circulation (l>ago 221). 

WHth massccuitcsof 8U^ and 70^ quotient, yielding green molas.scs and « 

.. 60*’ „ „ final 

(!. " Absolute tocovery " pnjcoss withentt circulating molasses (page 221). 

With massecuites of W, H8^ and 70®, at a purity of 90® 

„ 88®, 80® 70®. ,. 88® 

„ „ 85® 70®. .. 85® 

H2® ,. 70®. .. 82® 

all yielding green molasses and 

One massecuite yielding final molasses and possessing a purity of 80®. 


All calculations are based on the figures for dry substance as determined by 
the degrees Brix. and on purity as calculated from the degrees Brixand polariza* 
tioii. The purity of the raw sugar is taken as a fixed value 97*6® (apparent). 
In the following formula we make use of those abbreviations 


* ** ArcSiel voor Jivft 1904. 616* 
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m.c. » dry substance in mixed massecuite 

s s dry substance in syrup. 

fel. m. dry substance in returned molasses. 

cent. m. =- dry substance in centrifugal led m«la.s.scs 

R s dry suf>stancc* in sugar. 


Further, we will suppose tliat, without cooling, a mussocuite of 
90 purity yietds a centiifugaUid mol:issi*s of 76 puritv 


one of 88 

IP 


ai 

• • 

• p 

71 

85 

PI 

ap 

pp 

91 

p 4 

65 .. 

82 

pp 

p# 

#p 

!♦ 

9P 

«2 „ 

80 

Ip 

la 

ai 

la 

Ip 

60 M 

70 

pa 

4a 

IP 

ai 

PP 

50 

65 

pr 

pp 

IP 

aa 

%$ 

45 


Punditnental Fomuls^—The following formula' may lx* us(d for calculat¬ 
ing the proportion of dry substance from syrup i^ccurring in a niixc<l massecuite 
of a given purity, which is formed by the mixing of tint syrup and a molasses 
of a given purity. 


X X quot. a + (100 — x) X quot. a*t. m. ? lOO X quot. m.c. 
X ors ) 


quot. m.c. — qnot. ret. mol. 

. ■' X IW. 


quot. s quot. n t. mol. 


The quantity of returned molasses is llicnToro Uni — x ot 100 — s. The 
amount of sugar which may be obtained from a giv(*n masstcuile can be 
calculated as follows 

, or K * "‘i’!- X 

07'5 •• quol. ei'iil. mul. 


and the amount of molasses obtained on curing Ix^onuti Un) — R. 


Caleulatloii.—The calculation is fur a purity of IK) in tlu* syrup for the various 
methods described above. 


A. a, 100 m.c. of 65 jneld 
For 100 65 is required 

100 m.c. of 66 thus yield a surplus of 


61 *9 molasses of 45. 
556 „ 45. 

Tl .. 45, 


100 m.c. of* 60'require 06*7 molasses of 45 , which are furnished by 
66*7 X 100 


d’S 


1059 m.c. of 66^ 
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1059 m.c. of 65 are derived from 470*2 m.c» 
100 .. 60 ^ 

1159 603*5 M 


1169 


In this case 100 parts of syrup massccuitc yield a total of ^ 100 230*2 


parts of mixed massccuile. 

A. b. 100 m.c. of 70 yield. 

For 100 „ 70 are required 

100 M 70 thus yield a surplus of 


68 mol. of 50. 
60 „ 60, 
8 „ 50. 


100 m.c. of 60* require 76 molasses of 50', which are derived from 

^ 938 m.c. of 70“, 

8 

038 [n.c. of 70 are derived from 469 m.c. 

100 .. 60 „ „ 25 

1038 494 




1038 


In this case 100 parts of syrup maasecuite yield a total of X 100 

494 

210*1 parts of mixed massecuite. . 


B. 100 m.c. of 80 yield 
For 100 u 80 are required 

100 „ 80 thus yield a surplus of 

Wc saw from A (6) that 
100 m.c. of 70 yield 


46 *7 mol. of 60. 
33*3 „ 

13*4 .. 60. 


58 molasses of 60 and 


for 100 

„ 70 one requires 

• ♦ 

.. 67 

0 $ 

00 

100 

„ 00 


.. 75 

It 

50. 

100 

„ 60 require 

ft ft 

.. 76 

M 

50 and 

100 

„ 70 yield 

9 $ 

.. 58 

la 

60; 


50 that in order to supply sufficient molasses for 100 m.c. of 60^ there are required 

75 X ^^888l29m.c. of 70*. For 100 ra.c. of 70^ are required ^ ** 600 

58 18-4 

12Q V AHO 

m.c.of 80%or for 129 m.c. of 70* ■. = 645 m.c. of 80. 

100 


100 m.c. of 60 are derived from 25 m.c. 

130 70 „ 43 „ 

6« „ 80 „ 

675 mixed m.c. is derived from 500 mixed m.c. 

676 

so that 100 parts of original m.c. from syrup have yielded X 100 «■ 175 
mixed m.c. 
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C. 100 mx. of 00 yield 
100 80 

100 70 

For 100 „ 70 there are required 

100 M 70 

100 .. 60 


18 




PP 


p$ 




pp 


83*3 mola 

46*7 

68*0 

66*7 

67-0 

76*0 




For 100 m.c. of 60^ the molasses is furnished by 129 m.c. of 70% for which the 


of 75. 

60t 

50. 

75. 

60. 

60. 


molasses is furnished by 


129 X 67 


portion is again furnished by 


46-2 

186 X 6C-7 


» 186 tn.c. of 80% The molasses for this 


33*3 


372 m.c. of 00\ 


100 m.c. of 60 arc derived from 25 original mx. 


129 

70 

IS 

M 43 

$P 

186 .. 

80 


.. 62 

$P 

372 

00 

M 

.. 372 

$P 


787 mixed m.c. are derived from 502 original m.c ; or 100 parts of 

767 X 100 

original m.c. have yielded s 157 parts of mixed massecuite. 

The figures for the purities of syrup of 88% 85 and 82"' may be calculated in 
the same way. 

In order to make the calculation complete, the author calculated how mudi 
total massecuite would have come from 100 original m.c. if no molasses were 
returned, but had been boiled to string-proof as second products. In our 
instance of 90and 88* purity we reckon 1 ro.c« of first sugar for second, 1 for 
third, and 1 for last sugar; at a purity of 85* and 82*'. only first, second, and last 
sugars are made, while at a purity of the syrup of 75 , only first and last sugars 
are made. • 


100 m.c. 

of 90 yield 

» % 

• # 

.. 33*3 molasses of 76. 

100 .. 

76 

9 1 

• • 

.. 60 „ 60. 

100 .. 

60 .. 


• « 

.. 71 „ 45. 

100 „ 

46. .. 


» 9 

•. 100 las( mx. 


The total amount is, therefore, 
100 first m.c 
100 X 33*3 


100 

33*3 X60 


. =100 

second m.c. .• = 33*3 


100 

20 X 71 
100 


third mx. .= 20*0 


last m.c. 


14*2 


167*5 


total amount ci mx. for 100 original m.c. from syrup. 

\ 


0 
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1q the following table the amounts of total dry maasecuite are recorded, 
calcinated on 100 parts of dry substance in syrop fos the various quotients ot 
purities and for the various methods of boiling. 

t I - .. 


QuotUNt Of TBi OaioiMAL Svauf. 


Method. 

SO* 

88 

0 1 

86 

• 

1 

88* 

76* 

Without return¬ 
ing Molasses.. 

167*61 

100 

173-0 

103 

1 

163*6! 

CO * 

00 

180*0 

1 1 
1 

1081 

153*0 i 

01 

A (a) ,. 

1 

230*0 

138 

221-0 

132' 

208*0 

124 

196*0 

lie 

146*0 

87 

A (b) 

210*0 

126 

203-0 

121' 

196*0 : 

118 

180*0 

108 

164*0, 

92 

B 

1760 

106 

170-0 

102 [ 

1 

i 



1 « 

— 

— 

C 

167*6 

100 

160-01 

d6| 

1S5-0I 

1 

93 


; 95 

161*0 

00 


With symps of higli purities, the difierences in the total quantity of masse- 
cuite for the different methods arc considerable, but they decrease with the 
quotient of purity and become imperceptible at purities of about 70^. We see 
the tabic that with usually high purities Of cane juice, the methods B 
and C yield much less massecuitc than dther of the methods A, but this advan¬ 
tage diminishes when impurer juices have to be worked up. 

The required pan capacity does not bear any direct relation to the quantity 
of massecuitc expected, because the duration of the boiling process is not 
identical for each method. It is evident that it takes more time to con(:entrate 
a massecuite consisting only of syrup than one consisting largely of concen* 
trated molasses. 

Syrup massccuites take longer to boil than those to which molasses are 
added, but actu«il figures cannot be given because account must also be taken 
of the time required for filling and emptying the pan. A pan which can be 
filled and emptied quickly may be charged once more in the same period th|n 
another in which those operations require considerable time, so that as every 
pan has its pecuUaijties the time required to boil any particular massecuite 
cannot be definitely stated. A single example may suffice however. 

Supposing that a syrup massecuite requires S hours, then one consisting of 
half syrup and half molasses will require 7^ hours, a molasses massecuite, 6, 
etc., or on the average 7 hours (filling and discharging being included). H, 
as is the case in many places, the molasses massecuites are being boiled miidi 
slower and. c.g., occupy ^be pan for 12 hours, the average duration becomes 
more, but we shall stick here to the example cited. 


Calculation of the Pan Capadty*—To calculate the pan capacity required 
for a factory crushing 1000 tons of cane daily, we proceed as follows 

1,000 tons of canc yield 800 tons of normal juice containing 18 per cent, 
dry substance, or 144 tons of dry maasecnite, or 168*2 tons of moist maMoeuite 
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containing 90 per cent, of dry substance. Assuming the purity of the syrup 
to be 85% and treating this as in scheme C. we have 155 parts of mixed 
massecuite for csvcry 100 parts of synip massecuite. and for 158-2 tons of the 


latter, 


168 2 X 155 
100 


= 245*2 tons of mixed massecuite. 

4 


The specific gravity 


being 1*513, these 245*2 tons occupy a space of 5724 cubic feet, and as the 
massecuites gencraUy remain in the pans for 7 hours, the pan capacity for 

*7^ V 7 

1,000 tons of cane per 24 hours will be 1U70 cubic feet. 

24 


Boiling 8trliig*proof.—Although at present most syrups and molasses are 
grained, yet sometimes molasses are boiled smooth or *'string’proof"; in other 
words, they arc so concentrated as to become supersaturated solutions at the 
temperature prevailing in the vacuum pan. Tlic hot massecuite is then dis- 
cliarged into tanks or crystallizers, wherein the sugar is allowed to crystallize 
whilst the massecuite cools. The boiling is conducted as followsA vacuum 
having been created in titc pan, moliKn^h drawn in until the coils are quite 
covered. Steam is then admitted, and concentration commenced, molasses 
being drawn in from time to time, so as (o keep the coib constantly covered. 
Now and again a proof^stick sample is token from the pan and drawn out 
between tliumb and finger, forming a thread whicli breaks at a certain length. 
If the thread breaks too soon, the concentration has not been carried far 
enough*; if it does not break at all, it lias gone too far. The author is of 
opinion that the refractometer will prove a valuable guide os to the exact 
degree of concentration of the massecuite. At present the skill and experience 
of the pan-boiler alone determines this, partly by the breaking length of 
the thread, and partly by the appearance of the sample. Generally speaking, 
first molasses may be more highly concentrated than second or third, while 
t^e temperature at which molasses are bc^ed is rattier high. 

Whereas, in boiling ^rup massecuites, the object is to induce sugar to 
crystallize in the pan. and to boil at a relatively low teihperature, the object 
now in view is to concentrate the massecuite as much as possible without forming 
crystals in the pan, in order to obtain subsequently the maximum crystallization 
in the cooling tanks. The higher the temperature of such a molasses masse* 
cuite, the more sugar can it hold in a supersaturated state, and deposit as 
oystals on cooling. In order to avoid decomposing the reducing sugar, it is 
advisable not to exceed 70^ C. during the boiling! When the massecuite is 
sufficiently concentrated, the steam and molasses supply are shut off, the 
aiivpump stopped, and air admitted to the pan. The contents of the pan are 
then run into t^nks or waggons placed under the discharge door. 

In the chapter ommassecuites boiled smooth further particulars will be 
given conceniixig the denrity and other properties of low*gr^ massecuites. 
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Coqmte 8ufar.- What is known as concrete sugar " is sometimes made in 
sever^ countries for direct consumption by concentrating syrup, until after 
cooling, it becomes a hard crystalline mass. The final point for the con** 
centration of tlic clarified juice is found by taking up a portion of the boiling 
sugar from the pan and cooling it by blowing upon it when, if sufficiently 
concentrated, tlic sample hardens aiid becomes brittle. The concentrated 
ina&s is taken out of the pan. stirred with a pestle till it crystallises, and then 
run immediately into moulds where it hardens apd forms hard blocks. In 
other cases the hot concentrated syrup is led into drying trays, where it is 
spread evenly with a spade, and is piishcd backwards and forwards over the 
tray until it thickens, which happens in about three minutes. After a quarter 
of an hour the crystals will have formed and have absorbed tlie molasses, and 
on being tunned over and raked, the whole becomes changed into a soft, yellow 
crystalline powder free from lumps. 

TIus method of making sugar has become obsolete, since the production of 
centrifugal sugar has made so much headway. Yet one does not want to omit 
all reference to the procedure of its manufacture from these pages, and here 
we mention briefly the different apparatuses that have been in use. 

Fryar^s Conoretor. —In the year 1868 Fryer constructed an apparatus, 
which he called a concrctor.*' It consisted of a series of shallow trays, set 
at a slight angle and fitted with transverse partitions, forming baffle-plates, 
by means of which the juice was caused to flow across each tray six times 
and to traverse a total heating surface of 400 square feet. After * leaving 
the series of trays with a density of 66^-60^ Brix the syrup was further con¬ 
centrated In a rotating drum, fitted internally with curved blades over which 
the liquor flowed, exposing a large surface to the heated air drawn through 
it by means of a fan or blower. After about twenty minutes the concentrated 
liquor was run out of the drum, when at a temperature of about 200^ F. 
(93*5^ C.). and of such a consistency that it set to a solid mass on cooling. ^ 

Other devices to the same end have been a triple effect, the action of which 
could be reversed introducing the clarified juice into the third vessel and 
drawing off the concentrated syrup from the first, or hottest one. where crystal¬ 
lization did not take place. Or a series of jacketed pans, standing over a 
furnace, which pans were filled with paraffin oil having a high boiling point, 
which transmitted the heat of the fire to the concentrated syrup in such a 
manner that the latter boiled r^ularly without danger of b^g overheated 
or charred. * 

Finally, it is also possible to evaporate the syrup very rapidly in a Kestner 
single-effect evaporator. Mriiere syrup of 60* Brix can be concentrated to 2 per 
cent, of water in a few minutes by steam at 136* C. (276* F.) and afterwards 
cooled to about 100* C. (212* F.) * 

But. as we have said above, these processes now have lost almost all of 
their importance. 
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SoUdifi^ MoIassm*—I n many Java factories it is customary’ to concentrate 
the final molasses to a hard mass, called solidified molasses, which preparation 
can be shipped in bamboo baskets without any trouble. 

For the manufacture of this product the final molasses is steamed, by which 
it becomes diluted; insoluble'impurities rise to the surface, forming a thick 
layer of froth, which is skimmed off. a clear molasses of about 70** Brix resulting. 
This is concentrated in a vacuum pan as far as possible till all of the water is 
driven out and a thick li^id of melted molasses remains in the vacuum pan. 

Concentration should he driven so far that a sample from the proof-stick 
cooled in water is so hard that it cannot be impressed by touching it between 
thumb and finger, and so brittle that it breaks when dropped on a concrete 
floor. In order to prevent decomposition and overheating as much as possible, 
the temperature in the vacuum pan should l>c low and and the 

vacuum should be liigh. Accordingly, as the molasses frotlis violently during 
concentration, it is advisable to fill the pan no further than three-quarters of 
its capacity in order to leave sufficient room for frothing. Boiling over not 
only means direct loss, but also a great deal of trouble, as the tough mass 
may choke the vapour pipes and the save-all. Tlic time of boiling sliould not 
exceed three hours, and after the proper point of concentration has been 
attained the mass should be cooled rapidly. To this end the steam supply is 
stopped, but the vacuum is maintained by the air-pump. This latter has a 
twofold signification: firstly to dri^'c ofi the last traces of moisture, and secondly 
to remove the gaseous decomposition products escaping from the hot impure 
mass. Notwithstanding every precaution, the sticky mass resting on the hot 
coils undergoes some decomposition and gives rise to llie formation of gases, 
which have to be sucked off constantly. 

A thorough cooling may be attained by pumping a current of cold water 
through the coils, by which operation it is feasible to reduce the temperature 
rapidly to 60^ C. or thereabouts. The air-pump is stopped, air is admitted into 
the pan. the discharge valve is opened and the thick mass oozes out slowly 
from the pan into baskets placed underneath. The current of this mass is 
so slow that one may hold it back with one's hands for a moment while the 
baskets are ^ted. though the hands should be well moistened to prevent 
' the hot molasses from adhering to the skin and scalding it. The bamboo 
baskets are lined with mats and with a paper covering. 

It is advisable to fill half of a basket first and to stir the contents with a 
stick till the mass solidifies; after the first layer has become hard, the basket 
may be filled up and closed with a bamboo cover.* 

Usually the weight of the basket is 140-160 pounds nett. 

Leii of Bae^OM daring BeOlnc.—Losses of sugar may occur during the boiling 
proce ss , and may be brought about either by decomposition or by boiling 
over, both of wUeb causes are more comioon in the case of molasses masse- 
cuitea than >rith syrup massecuites. 
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It is true that in the case of syrup massecuites the boiling temperature is, 
as a rule* very low, but local overheating sometimes occurs* so that sucrose 
is decomposed. The author has several times detected notable percentages of 
caramelized substances in scale from the ccnb, indicating decomp(»ition of 
sugar by overheating. 

Scale on Colls.—A few analyses of such scale calculated to 100 parts of dry 
substance here follow 


SdSkJe from Coils in 


I^ss on ignition 

» • 

4 # 

Ut product 
vacuum pans. 

22-70 

tnd product 
vacuum pass. 

26-40 

Silica 


4 9 

3812 

37-46 

Phosphoric acid 

^ • 

4 « 

— 

1-65 

Sulphuric acid.. 

• 4 

• # 

8-20 .. 

4-74 

Carbonic add .. 

4 4 

• ^ 

064 


Iron oxide 

4 » 

4 4 

13-20 

23-34 

Alumina 

4 4 

4 ♦ 

2-10 

a-26 

Lime 

4 4 

4 4 

6-78 

4-88 


Bolling Over*—‘The mechanical losses during the boiling of syrup masses 
cuites are unimportant, the risk of b^ng over being small because* when the 
pan is full, the contents are no longer fluid. 

Bartsch* gives the following rules for the prevention of boiling over of syrup 
massecuites: Boiling over may be occasioned by rapid changes in temperature 
and vacuum and by a too rapid rate of boiling. The syrup should be introduced 
into the pan slowly and preferably in a constant current. Its temperature 
should be only 6^ C. higher than the one prevailing in the pan. The pan 
should not be filled above the level indicated by the design, and a space of two 
or three feet should remain empty. Every leak should be carefully avoided, 
and the air inlet should not dip into the inassecuitc. 

In molasses massecuites* however* mechanical lasses may be heavier since 
decomposition products sometimes accumulate to such a degree that spontan** 


eous decomposition may be brought about by local overheating. The tempera* 
ture then suddenly rises, with the evolution of gases, so that the whole ma» • 
begins to foam violently and passes upwards through the **save all" and 
air-pump into the condensed water gutter, leaving only a small quantity 
massecuitc in the pan. 

Although the author is unable to give figures* he is convinced that the 
mysterious losses of sucrose sometimes experienced when boiling molasses 
massecuites are solely due to spontaneous decomposition of primary deccan- 
position products of sugar. This decomposition is brought about by local 
overheating, and when once started cannot be stopped. As remarked above, 
the c&ccts are inversion and loss by decompositioo* owing to 0ie sudden rise 
in temperature. This phenomenon will be further discussed on page 262, 
under the heading Froth Fermentation. 












CHAPTER IV 


CURING; AND FINISHING 
I.—Curing of Massecuites Boiled to Grain 

t 

Prindple*— The operations now to be desaibed have for their object the 
mechanical separation of the niassecuitc into crystallkixl sugar and molasses, 
the so^allcd curing process. It is evident that the most advantageous 
way to effect this separation is that in which the maximum of crystallized sugar 
is obtained at once as first product, because' if portions of it become again 
mixed with the molasses, they can only be recovered after mud; trouble and 
expense (and not even then entirely), in the less valuable after-products. 
It has been proved that curing is most easily effected, and with a minimum 
of loss, when the sugar crystals arc well developed, and the mother-liquor 
limpid and free from so-called " false grain. 

All the preceding operations have co-operated to this end. The mills have 
extracted as much juice as possible from the raw material, clarification has 
removed matters liable to make the juice turbUI, bi^idcs which a greater or 
less amount of the colloids has been precipitated, and the asc of a moderate 
amount of lime has minimized the formation of viscous dark-coloured lime 
salts, t^iltration, if applied, has rid the juice nf all suspended particles. 
Concentration in vaetto has prcventcnl overheating and decomposition of 
sugar; and, finally, care has been taken during (lie l>oi]ing pnKess to form 
targe regular crystals, free from false grain. Notwithstanding all this, careless 
wmking after the massecuite leaves ibe pan may nullify all the advantages 
thus gained. 

* CrystaOiiatlon on Cooling. — Vfhen discharged from the pan, the hot masse¬ 
cuite contains more sugar in solution than it can hold after it has been cooled 
down. In massecuites containing much mother-Kquor. al in the case of syrup 
•massecuites which have been diluted with molasses, the quantity of dissolved 
sugar is much greater than in undiluted massecuites. Not only is the amount 
of liquid larger, but owing to tbe slow crystallization of sucrose from impure 
Uquids all the sugar capable of crystallizing has not yet assumed that state 
in the pan. 

OryitaUbation at Rest.— We have already seen that the sugar crystals 
are in constant movement in the pan and come into contact with all parts 
of the liquid from which the sugar is crystallizing out, the crystals growing in size 

sugar being ^posited on them instead of forming new crystals. When 
motion ceases owing to the massecuite being discharged into crystallizing 
taeOks, or in where tbe massecuite is very stiff and no circulation exists, 
tta sugar afterwards crystallizing out will assume the fonn of false grain. 

2S7 
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With*pure ma&secuites, containing but little false grain, the influence is not 
perceptible, but from impure masseemtes (especially when baled at a high 
temperature), a great deal of sugar will crystallke out afterwards and, even 
if the boiling is carefully conduct^, will cause the cooled massecuite to contain 
so much false grain that trouble and loss will arise on curing it. 

This is especially the case with massccuites boiled very close and afterwards 
diluted with a large quantity of hot molasses; if be cooled down without 
certain precautions, a mass would result that could not be separated into 
crystals and molas.ses. Pure massecuites can safely be cooled down in the 
crystallizers and then give a maximum yield on curing, but very impure ones 
should either be cured hot (in which case the sugar crystallizing afterwards 
cannot interfere with the curing) or they should ^ cooled in motion, which 
operation is indispensable for massecuites mixed with molasses. 

When first molasses Ls to be mixed with a subsequent massccuitc. the 
dissolved sugar will find opportunity to crystallize in the pan, and it is therefore 
superfluous to waste time and cooling space. Those massecuites may be cured 
hot, but os there is some danger of forming false grain when the whole of a 
massecuite cannot be cured off at once, and becomes cooled, it is advisable to 
provide the massecuite tank with a stirring apparatus, or to discharge the 
massecuit(*s into a large tank in which an Archimedean screw revolves, and 
keeps them in motion. 

CrystalllatlOD-liHlIodeA,—When, however, it is derired toobtiun cj^austed 
molasses from the cured massecuites, it is necessary to cool and stir previous 
to curing, so as to got all the dissolved sugar to crystallize in such a form that 
it may be easily recovered, that is to say, to induce it to deposit on the crystals 
already present. To this end, it is necessary to maintain a gentle movement 
and circulation throughout the whole mass, which, at the same time, is allowed 
to cool gradually. This so<alled crystalUzation-in-motion does not increase 
the quantity of sugar crystallizing out (as has been repeatedly asserted), bflt 
imparts to the newly crystallizing sugar the same form as that which crystallized 
in the pan, and then^ore yidds a mixture of homogeneous sugar crystals and 
a limpid molasses which can be separated rapidly and without loss. 

Apparatus for CrysUIlisattoil-I&-]lottoiL--The apparatus for crystallizatjon- 
in-motion may be divided into two classes, viz., open and dosed. Both condst 
of cylindrical vessels, sometimes provided with a jacket" into which hot or 
cold water can be introdqced, and fitted with a shaft with dashers arranged 
in spiral form, which, by revolving, keep the contents in regular and gentle 
motion. 

The open vessels are uncovered, and the massecuite runs into them throng 
an open trough. On the other hand, the closed vessels have an air-tight 
connection with the discharge outlet of the pan and witiM mixer placed above 
the centrifugals, and are worked under a vacuum. An air-com^eesor enables 
them to be discharged by means of compressed air. When the highfy cod- 
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centrat«d massecuite. diluted with the necessary amount of hot mdlasses, 
is to be traasferred from the pan to the crystalluer, steam is turned off from the 
the air^cock opened, also the discharge valve, and air pumped out from the 
»crystalliser. The diluted massecuite is drawn into the latter with great 
rapidity, when the pan is again ready for use. The crystalliz4^r being now 
closed, the tnassecuitc Is slowly cooled in constant motion, after which com¬ 
pressed air is admitted and the discharge door opened, caasing the cold masse- 
cuite to pass into the mixer of the centrifugals. In the open systems, the 
massecuite mas through an open gutter into the vessel, is stirred, and after¬ 
wards discharged into a suction-tank, from which it is conv<yed to the amtri- 
fugals by means of a chain-pump or an elevator. Before the massecuite is 
run into the crystalliier. the apparatus should be heated in order to prevent 
the hot masseoiJte from depositing false grain on coming in contact with 
the cold plates. The shaft should already be in motion for, if started when 
the vessel is full, there is risk of breakage. During the stirring and cooling, 
the massecuite l>ecoines harder, arid frequently mon* Iiot inol.isses has to be 
added in order to prevent the dashers breaking. After some time, water is 
introduced into the jacket (in such apparatus a.s are furnished with one), and it 
is necessary to allow the air to escape from the jacket through a vent-cock, as 
otherwise the cooling is very irregular. In order to promote rapid cooling, the 
inner walls of the jackets must be occasionally cleaned to remove sediment 
deposited from the cooling water. 

Frogreu of Cryst^iatlon daring CooUng*lci*lloUon.—Tlie following tables 
show the gradual decrease in sucrose content in the mother-liquor during the 
cooling process. A little massecuite was taken from the crystallizer from 
time to time, the molasses separated by filtration, and analysed in the usual 
way. 


I. Composition of the Massecuite when dischaigcd from the pan i— 

Brix, 03-96 ; Pol, 68-4 ; Purity. 72-8®. 


CompocitiOA of Mothor-Iiooor at 
dinerent StAgeft of the Work. 

1 

Tcrop^rfa-: 
tun: ift 

1 

Brix. 

Pol. 

Purity, 

1 per cent. 
CryHtals 
in m.c. 

After 1 hour's cooling 

66 

1 90-36 

40-1 


48-13 

„ 3 hours' cooling •. 

63 

90-0 

39-4 

43-76 

48-60 

„ 6 „ *.. .. 

61 ! 

' 89-76 , 

390 

43-4 

48-79 

7 .1 

60-6 

1 89-62 

38-6 

43-0 

49-15 

« 9 „ .... 

59-6 

' 89 76 

38-2 

42 67 

49*44 

» 11 M 

' 58 i 

89-76 

380 

42-33 

49-54 

H 18 .. .. 

57 

89-84 

370 

41-86 

500 

9, 16 M * .... 

66 

90-0 

37-7 

41-89 

60-10 

N 17 M •• •• 

66 

900 

87-2 

41-33 

60-29 
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ll/Composition oi the Massecuite, Br. 91*32, PoL 68*4, Purity 74*0^. 


ConpofiitioTi of Motbcr*Uquor at 
(lincrcnt Stages of the Work. 

Tempera' 
tore in *0. 

Bnx. 

1 

Pol. 

Purity. 

Percent. 
Crystals 
in m.c** 

Before cooling . 

69 

1 

87*86 I 

43*0 

49*0 

46-38 

$ 

After 2 hours' cooling .. 

67*5 

87*6 1 

41*6 

A 

47*49 

47-66 

i h A1 At 

66 

87*3 

41*0 

46*97 

48-02 

0 „ .. .. 

64 

87*96 

40*2 

45*0 

40-77 

,, 8 ,, .... 

62*5 

87*62 

39*9 

45*6 

49-27 

„ 12 .. .. 

60 

87*62 : 

: 38*8 

44*28 

60-12 

M 16 M . • • 

57 

87*62 ' 

I 38*2 

43*6 

60-49 

..20 „ .. .. 

54*6 

86*9 

' 37*2 

42*8 

61-22 

„ 24 „ .... 

62 

87*76 

i 37-0 

42*17 

51-67 

,.26 „ .. .. 

51*5 

87*76 

36-6 

41*7 

62-01 

Separated molasses . • .. 


83*56 

36-4 

43*58 

60-61 

HI. Comporition of the Massecuite, 

Br. 07-70, Pol. 61-80, Purity 6S-2®. 

Compoeitioa of Motber>liquor at 
(iinereiit Stages of the Work. 

Tempera' 
ture in *0. 

Orix. 

Pol. 

Purity. 

Percent. 
Crystals 
it m.c. 

Before cooling ..' 

70 

! 94 1 

35*80 

38-0 

1 40*6 

After 6 hours' cooling .. .. 

60 : 

93*7 

33*83 : 

36-1 

42*2 

.. 12 . 

i 62 

93*6 

32*60 

34-7 

43*4 

.. 18 . 

47 : 

93*2 

31*38 

33-6 

44*3 

1 

.. 24 . 

44 

93*1 

30*73 

33-0 

i 44*8 

.. SO . 

30 

93-0 

30*30 

32-6 

! 45 *1 • 

Separated molasses .. .. . 

4. 

1 


1 

34-2 

4 

IV. Composition o! the Massecuite, 

Br. 07-70, PoL 61-30, Purity 62-7* 

Composition of Mothrr>I^aor at 
different Siugee of the Work. 

« 

Tempera- 
care in 

Brix. 

Pol. 

Purity. 

Per cent. 
Crystals 
in m.c* 

Before cooling . 

71 

96*4 

35*2 

36-8 

«)-2 

After 8 hours'cooling .. 

61 

94*1 

30*9 

32-8 

43-9 

16 I, .. ..! 

S3 


28*7 

31-1 

46-7 

24 „ .. .. 

45 

01-7 


2d-4 

46-0 

Separated molasses 

1 

1 


1 

33-3 

4 
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It will be seen that crystallisation progresses continuously during cdoUng, 
the increase per cent, massecuite being respectively 2*16, 6-63» 4*6, and 6*7, 
on 52, 53*6, 59*6 and 59*8 per cent, of mother-liquor originally present, corres* 
jxmding to an increase in crystab of 4*1. 10*5, 7*7, and IM per cent on 
molasses. As these figures are calculated from the degrees Brix and polariza¬ 
tion, they do not strictly represent the dry substance and sucrose. As the 
true figures are given in the tables on pages 220 and 227, together with the 
apparent values, and as the decrease in purity during cooling Is the same as 
in the above instances, we make use of those figures in the tabic given here. 


CenatltMnU. 


Dry tubMace 
Sucrote 
Wftter 

Actual purity 
Apparent purity 
Sucroaa on 100 wster 
Decrease in purity (actual) 
DaereaM in purity (apparent) 
Calculated aucroaa crystallised emt 
Decrease in incme on 100 water 



1, 

IV. 

1 

3 | 

1 



X 

80 * 0 , 

84 * 0 , 

63*8 

32 01 

38*7 

33*6 

sooi 

160 

16*8 

400 

46*1 

40*4 

27-6 ' 

82 8 

27*6 

lei : 

242 

194 


6*6 

> 

6*8 

1 

8*0 


48 


Sffeet of adding Dilated MoUssea«--About 9 per cent, sucrose on 100 parts 
of molasses has, therefore, crystallized out during cooling, which greatly 
r^uces the amount of sugar dissolved in 100 parts of water. According 
to the figures for dry substance, massecuites Nos. i., II., and IV. have not 
been diluted with water or molasses during cooling, but No.|IlI. has undoubtedly 
received an addition of diluted molasses, as seen from its originally high con¬ 
centration. The ratio of sucrose on 100 of water is consequentiy afiected, 
and does not represent the effect of after-crystallization. Attention may be 
drawn to the fact that, notwithstanding such dilution, the decrease in purity 
is not less than in the other cases, so that dilution has not caused sucrose to 
be dissolved, and has not even hindered its crystallization. 


Experiments have been made on the crystallization un-motion of molasses 
massecuite boiled to grain. First molasses was diluted, steamed and ricimmed 
off, boiled to gi;giii, and discharged into crystallizers and cooled in motion. 
Aa the fine grain did not subside r^ndly, It was not necessary to agitate con- 
etaatly* It was quite sufficient to rotate the stirrer axle of the cooler thrice 
in 24 hours for an hour. After two or three days the cooled second massecuite 
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could* be cured. The following examples refer to molasses treated in the 
indicated manner. When cured, the sugar was purged with water, for which 
reason the purity of the molasses is in most cases higher than that of the 
mother^Uquor in the massecuitc. 

Mohisses of 06*7^ purity was gruined, highly concentrated, and cooled in 
motion during 2 x 24 hours. The analysis of the massecuitc gave Brix 96: 
poiarUation 64*0; reducing sugar 11*1 ; purity 66*7^ The composition 
of the mother-liquor during the different phases of cooling was as follows 


1 

Sample taken. 

Tem|*cr;i- 
tore in •C 

Brix. 

Polarixa- 

Uon. 

Reducing 

Sugar. 

Purity. 

Sucrose 

crystall' 

iced. 

When discharged .. 

75 

93*2 

40*0 

18*2 

42*9 

40*0 

After 12 hours cooling 

65*5 

91 9 

36*6 

1 19*2 

38*7 

43*8 

•» 48 , • ,, . • 

51 

1 

91*4 

32*6 


35*9 

46*1 

Mohisscs obtained on curing 


85*8 

33 6 

19*4 

39*2 

43*4 


This massccuite was very stiff and had to be diluted with water, and yet the 
molasses adhered so hrmly to the sugar that a good deal of water was required 
in purging, causing the purity of the resulting molasses to rise excessively. 

A second molas.^s was boiled in the same way, but less concentrated; 
it was. however, stirred for a longer time and cooled to a lower temperature. 

Analysis of the massecuitc; Brix 92*6, Pol. 59*2, Reducing sugar 12*25, 
Purity 63*9®. 


1 

Simple taken. | 

1 

Tempera* 

turc. 

*1 

Brix. ' 

PoUii ca¬ 
tion 

Reducing 

Sugar. 

1 Purity. 

. SucroM 
cryatall* 
ued. 

On striking .. | 

72 

91 3 

45*0 

16*12 

49*28 

25*6 

After 24 hours 

60 

89*7 

36*8 

18*31 

41*02 

35*8 

48 „ 

51 

88*9 

34*0 

19*22 

38*24 

37*0 

o 72 

: 44« 

1 

1 88*6 

32*8 

20*83 

37*02 

38*9 

•» 96 ,, .. 

395 

1 

88*3 

31*2 

21*27 

85*38 : 

89*8 

Separated molasses 


87*4 

34*0 

19*84 


38*0 


This table shows that the crystallisation during cooling follows the same 
course as was noticed in the case of first massecviites. 
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Bate of Temperature Fall daring Coollna.-*Thc temperature falls: regularly 
during the cooling process, but of course more rapidly at first. In crystalliscrs 
provided with jackets, the contents cool more rapidly tlian in those which 
cool by contact with the air. but as the cooling must proceed slowly in order 
to obtain a regular crystallization, and be continued down to the desired 
temperature, nothing is gained by accelerating or retarding the rate of 
cooling. 

Sax* mentions that in t>pcn crystallizers, without jackets, the temperature 
of tlie contents decreased 14-16^ C. in the first 12 hours iit some factories, and 
C. in others, while in a jacketed crystallizer the decrease amounted 
to 2’’ C. per hour. It is evident that when the diffcrcnci^ in the temperature 
between the massecuite and the atmosphere or cooling water is gre^atost. as at 
the outset, the decrease in temperature per unit of lime is also greatest. 

Mixing Blaasecuitas with Diluted Molasses. -- In many cases the massccuitc 
is so concentrated (to 100Brix. or 94 per cent, dry substance) that the stirring 
apparatus fails to keep the mass in motion, and dilution becomes necessary, 
as also for the subsequent curing operation. Having previously noted that a 
very high concentration of the massecuitc is indispensable for a maximum 
yield of crystals and a well exhausted mother liquor, it seems strange that 
such a mass cah be diluted with impunity, yet a massecuitc concentrated to 
100^ Brix can safely be diluted to 96^ Brix without dissolving the crystallized 
sugar, ’ 

First of all, the mola.sscs surrounding the crystals is very probably more 
or less supersaturated and unable to dissolve sucrose even after a relatively 
large dilution by water. When water b added, the molasses will start by 
teaching its stable coeflicient of saturation and therefore is not in a condition 
to dissolve any nf the crystallized sucrose. And even if this point should be 
surpassed, the rate of solution in such a highly concentrated and such an 
impure medium is so small that during the short time in which the crystals 
are in contact with the molasses, the danger of a pronqpnccd re*dissolution is 
not great. Such additions of water cannot be made by merely pouring water 
.upon the concentrated massecuite, because these would not mix and the water 
would then dissolve some of the whole massecuite instead of only diluting 
the concentrated mother-liquor throughout the whole bulk of massecuite. 

Therefore the water is added to the massecuite either through a perforated 
pipe in the bottom of the crystallizer, or hot diluted molasses of 80^ Brix is 
poured on top of the massecuite. The hot molasses readily mixes with the 
highly concentrated molasses surrounding the crystals, so that the mixture 
becwies more^uid and in proper condition for the subsequent curing in the 
centrifugals. , 

• ** AnUd vwr J4V« S«aiflii4«MlA*' IIW. 246. 
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tttHlU 0 ( Deflation*—The effect of the dftecation on the constituents of 
each of the thm mill juices is represented in the following table:— 



First 

Hill. 

Second Mill. 

Third Mill. 

Comtituents. 






After. 

Before. 

After. 

Before. 

After. 

1 Before. 

Little 

Lime. 

Much 

Lime. 

Brix 

BBI 

19*2 

19*3 

19*7 

19*0 

10*4 

19-2 

Sucrose 

tffii 

17*06 

16*33 

17*06 

15*05 

16*40 

16-60 

Reducing Sugar .. 

1-98 

2 

1*67 

1*68 

1*52 

1*52 

1-41 

Gums and Pectin 

0126 

0*071 

0*376 

0 *120 ! 

1*250 

0*840 

0-38 

Albumin .. 

0 026 


0*092 

1 

! 0*054 



Quotient of Purity 

86-9 

87*5 

84*4 

86*6 

84 

84*5 

86*0 

Glucose Ratio 

12-1 

11*7 

9*6 

0*2 

1 

9*5 

1 

9*3 

8*6 


Except for the flocculation of colloids and the precipitation of suspended 
matter, nothing special has occurred, so that the dissolved constituents are not 
affected either by the common defecation process or by the application ol sul¬ 
phurous and phosphoric acids. 


Oummy Hatter and Peeiin.— ^um is not precipitated by lime in slightly 
alkaline liquids, for a solution containing per cent, of sucrose and 0*121 
per cent, of cane gum, after ordinary defecation, still contained 0*120 per cent, 
of gummy matter, i.c., the original amount. This percentage did not fall 
after ^]^ihg, heating, and treating with sulpliurous or phosphoric adds, etc., 
that defecation docs not remove the cane gum which is extracted from 
the cane fibre under heavy pressure. 

4 

The dissolved pectin is to some extent precipitated during defecation. A 
juice which contained 0*634 per cent, of total gums and pectin in the raw state, 
contained only 0*342 per cent, of these after defecation. Maxwell* found that 
a large quantity of gum was sq)arated by liming cold, while Winterf mentions 
a slimy predpitate formed in limed juice, which proved to consist of a compound 
of lime and a carbohydrate. It contained galactose compounds, but as this 
substance differs much from galactan, it was more probably a lime-salt of pectin. 
Xylan was not present, otherwise it would have been recognized among the 
products of hydrolysis by the melting point of the osazones, but this was 
not the case. 

• oi tb» K*mUAA Zgp. StAiipn. IS9S. 
t ** lAt M UtentMtea,** 49« 
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mtrei^aoiiB BodlM^-^Maxw&l* ascertained the percentage of nitrogenous 
matter (amide and albuminoid nitrogen) in juice during the different stages of 
manufacture. Clarified juice contained 2*1 parts of nitrogenous matter and 
syr^ip 2 parts on 100 of dry substance, so that a clarified juice of 16* Brix 
contained 0 32 per cent, of nitrogenous bodies oc about 0*05 per cent, of 
nitrogen. 

Van Lookcrcn Campagnef found much lower percentages of amides and 
other nitrogenoas substances, varying between 0*044 and 04^2 per cent, in 
undiluted juice, and in diluted mixed juice between 0*070 and 0*016 per cent.; 
so that the nitrogen calculated from these data does not exceed 0*02 per cent. 

According to Maxwell, in .100 parts of total nitrogen there are 


AlbumiAOid Nitrogen. Amide Nitro|«n. 


Mill juice 

35 

66 

Diffusion juice (cold) 

24*5 

76*6 

Diffusion juice (hot) 

100 

30*1 

Clarified juice 

3 3 

06*7 

Syrup 

3*2 

06*7 


And according to Van Lookcren Campagne. the following were the figures 
for the nitrogenous constituents:— 


nescription oi tbe Juice. 

4 

Total Nitrogen. 

10 

4 

X 1 

1 

m 

1 

■g 

s 

< 

•9 ^ 

s| 

jl 


Diluted mixed juice (factory mill) . . 

0*024 

0*150 

0-067 

0*093 

38 

ft ^9 ^ ^ 

0*024 

0*160 

0*063 

0-037 

42 

99 ft P$ * * 

0*023 

0*175 

0*059 

0*116 

34 

Undiluted cane juice (test mill) .. 

0*021 

0*131 

0-061 

0*070 

47 

If 

0*026 

0*162 


00B2 

49 

II II II * * 

0*015 

0*097 


0044 

55 

II 11 »l • • 

0*020 

0*125 

H 

0*063 

46 


• ** B«U. Aim. Ote- S«r. Dfert«*' ISM. VU 
t “ AicUd voer da Jm Sott ludwm t." \m» 7SS 
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I 

The diluted juices were not extracted frcoS the same canes as the undiluted 
juices; the latter being obtained by a laboratory mill and therefore contained 
less albumin^ds (see page 130). 

A juice containing 0*057 per cent. <A albuminoids lost 0*047 per cent, or S2 
per cent, of the total on defecation, iand another juice lost 04)67 out of 0*080 or 
84 per cent, of the total, so that 17 per cent, passed over into the clarified juice. 

Influeoee of SulphltatiOD on the Juloo Constituents.-’Thr. influence exerted 
by sulphitation does not differ greatly from that obtained by the common 
defecation process. The heavier precipitate, however, removes more colloidal 
matter from the juice, and among this all of the colouring matter from the 
rind, causing the darified sulphitated juice to be of a lighter colour than when 
obtained by simple defecation only. 


IIL—Clarifying Agents 
A.—LIME AND LIME-CREAM 

Source o! the Llme^^Most factories whidi clarify tlnir juice by the defeca¬ 
tion process ret]uirc so little lime that it is not worlh while burning it themselves. 
As the (quantity is so small and lime is the only darifying agent in cane sugar 
mantv^^^ffre, it is evident that great care should W taken to use thu purest 
available, and it is better to spend a lilUu nmre money in order to 
obtain a pure brand than to use a cheap but impure lime, as the difference 
in expense is so trifling that it cannot enter into comparison with the heavy 
osses occasioned by the use of bad lime. 

As lime ^ai^y absorbs moisture and carbonic acid from the atmosphere, 
it is advisable to keep it in dosed packages, by preference in soldered tins, but 
not in baskets, much less in open heaps, as this absorption is very detrimental. 

Teat of a good lime for CUriflcatlon*—Lime usM for darification should 
answer the fdlowing tests. When mixed with half its own weight of water 
it should become very bot within a few minutes; the slaked lime after the 
addition of ten times its weight of water should form a soft cream, which on 
being passed through a fine sieve should not leave behind more unslaked par¬ 
ticles ^an one-tenth *of the original weight, and most of these particles should 
become soft after an hour's standing in a moist condition. The lime, after 
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beisg slakedj should dissolve in^j^ochloric add without apinedable effer¬ 
vescence, and not leave more than 2 per cent, insoluble matter. 

The maximum percental of impurities should be 


Per c«Dt. 

Moisture . 2 

Silica . 2 

Iron oxide and alumina . 2 

Magnesia. 2 

Carbonic acid .. .. 2 

Sulphuric add •• . 0*50 


Impurities of the lAme.-^If burnt at too high a temperature it sinters 
somewhat and slakes with difficulty or not at all, thus losing its efiidency. 
Pure Ume, however, requires such a high temperature before it is over-burned 
as can hardly be obtained in an ordinary lime-kiln, and lime becoming over- 
burnt at a relatively low temperature is commonly impure. For if the limestone 
(from which the lime is prepared) contains silica together with alumina or iron 
oxide, fusible silicates are formed and the lime is very liable to become over- 
bunit. Usually, the appearance of the pieces of lime indicates whether it has 
been over-burnt, and those pieces are generally picked out and removed at the 
Hmc-kiln, so that the buyer very seldom finds them in the lime supplied him. 
Water and carbonic add, though not harmful, decrease the effect ^ a given 
quantity of lime, and the author has, therefore, fixed limits for these and also 
for the insoluble impurities, which consist of sand or clay. Iron oxide and 
alumina give rise to the formation of scale in the evaporators, those caused 
by alumina being remarkable because formed from soluble aluminates during 
evaporation. 

Magneda is a very troublesome impurity in lime, when present in a^nredable 
quantity. It discolours the juice and retards subsidation, so that the 3H||ted 
juice always contains much suspended matter, which forms scale in the evap)^ 
ating vessels. For this reason the maximum allowed should be fixed at 2 per 
cent. Sulphates also scale the evaporators and should not occur in any 
apprcdable quantities in the lime used for clarification. Alkalis, on the other 
hand, arc harmless and usually only occur in small proportions in limestone, 
or may be totally absent. A few analyses of lime follow on page 167. 

Nos. 3, 4, 13 and 15 are unsuitable for clarification because of their high 
magnesia content: Nos. 8.^0,11 and 12, although they do not contain injurioua 
constituents, are yet of inferior quality owing to their low percentage of calcium 
oxide. All the other ones may be used without objection. 

Methods of iddliig the Uino«— The lime is added to the juice in different 
ways, generally as time-cream, or milk-crf-lime. but sometime as slaked lime 
in the form of a paste. 
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ANALYSES OP !.IME. 


No. 

Moii^ture. 

1 Cttlrium 
OxiOe. 


* S«imi 

anil 

Silira. 

tft»n 

Oxide 

and 

Alumina 


Sulphuric 

Acid. 

Undeter- 

mined. 

I 


^■1 


0*08 

trace 


1 

1 

1 "*■* 

2 

0-75 


0-63 1 

0*10 

0*44 

— - 


1 

a 

433 

82 07 






0-31 

4 


80*19 

mm 





• _ 


4-29 

9612 

nm 


0-22 




6 

197 

0607 

0-51 


0-35 


0-14 


7 

— 

97-7ft ' 

0-36 


0*10 

j 



8 

1 

87-20 

0-20 

1-80 

0 84 ' 

3-40 



9 i 

0 21 i 

98 56 

0-15 

0-66 

0 62 




10 

304 1 

89-70 

0-62 

0*08 

2-74 




11 


87*10 

trace 

0*20 

0-64 

Bffn 

— 


12 

1 

7*69 

89-93 

0-98 

0-24 

1-26 

HBH 



13 

0*90 

91-98 

6-84 

0 83 

trace 



0*36 

14 

0-25 

98-66 

0-69 

0-12 

trace 



0*29 

16 

0-71 

88*44 

6 15 

4*86 

0-23 


— 

0-41 

16 

0*34 

98-48 

0-72 

0-14 

trace 

HBH 


0-32 

17 

0-90 

06-17 

l-GO 

0-52 

0-22 

0*46 


0*24 

18 

0*68 

96-68 

2-08 

0-12 

020 

0-52 


0*72 

19 

3*12 : 

91 -31 

1-40 

0*90 

1-30 

1-40 


0*61 

m 

^•44 

86-90 

1-66 

0-61 

1*26 

3*78 


0*46 


Llme^ream.—The pieces of lime are placed in a s))allow iron tank and 
treated with water. It is not advisable to throw them in a tank full of water 
as they arc thereby cooled too much and do not get properly slaked. After 
the action is over, the still hot pasty mass is diluted with water, and the milk- 
of-lime now obtained is deprived of the stones or unbumt particles by passing 
it through several sieves with decreasing meshes. Then the lime-cream is 
allowed to settle, the supernatant water (which posribly may contain some 
dissolved matter) is nm ofi, and the remaining lime is diluted to the desired 
density. 

SUdttg the Ume.—It is necessary to mix the lime with water some time 
previous to use, in order that the bard particles of lime may soften and become 
slaked. This is especially necessary in factories using the sulphitation process, 
wfaerdo laige quantities of hme are added to the juice which, although 
neutralised by the sulphurous add, yet if it contains hard partides are 
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not attacked by the acid, but remain as quicklime in the juice. Afterwards, 
they gradually dissolve and impart an alkane reactioD to the juice. 

Hlxing and Stralidiig the Lime.—The slaked lime, mixed with water to the 
consistency of a tliick cream, is poured through coarse strainers into two tanks, 
which are filled and emptied alternately. When one of these tanks is filled 
and diluted to the desired density of 16* or 20* Baom^, this tank is drawn 
from until empty. A fresh supply is meanwhile prepared in the second tank 
so as to be in readiness when the first is empty; this ensures only fresh and 
well-slaked lime being added to the clarifiers. 

The contents of the tanks must be kept in steady motion to prevent sub¬ 
siding of the lime. In factories where only little lime is used, this may be done 
by stirring the lime-cream with a paddle, but when using much of that clarifying 
agent the lime<ream is constantly pumped through a pipe which passes near 
the mixing tanks and returns to the supply tank. The lime-cream is thus 
forced from this tank, tlirougb the pipes and back again. When lime is to be 
drawn off and added to the juice, a cock in this pipe is opened, otherwise it 
continues on its way back to the supply tank and is thereby kept in constant 
motion and no opportunity given for any lime to deposit. 

The lime contents of lime-cream corresponding to the readings of the 
Baunic* hydrometer are as follows:— 


DKNStTY OF I.IMK-CREAM. 



1 

Weight of 1 

Crnw. 

■' 


Weight of 

1 litre 

Grms. 


Degrees 

1 litre 

CaO 

iVrccnt. 

DcgrccA 

CaO 

Per cent. 


I.ime-crcam. 

per litre. 

CaO. 

Baume, 

Lime-creftm. 

per litre. 

CaO. 

1 

1 Gnus. 
1007 

7-6 

0-76 

16 

1 

Grms. ' 
1125 

159 


2 1 

1014 

16*6 

1-64 

! 17 

1134 

170 

, 16*00 

3 

, 1022 

. 26 

2*54 

18 

1142 

181 

15*85 

4 

1 1029 


3*50 

19 j 

1162 

193 

16*76 

5 

1037 

46 

443 


1162 


17*72 

6 

1045 

1 

56 

6-36 

21 

1171 

218 

18*61 

7 ; 

1062 

66 

618 

22 

1180 

229 

1940 

8 

1060 

76 

7*08 

23 

1190 

242 

20*34 

9 

i 1067 

84 

7*87 

24 

1200 

265 

1 

21*26 

10 

1 1075 

94 

8-74 

26 

1210 


' 22*15 

11 

1083 

104 

9-60 

26 

1220 

281 

1 

2303 

12 

1091 

116 

10*54 

27 

1231 


23-96 

13 

1100 

126 

1146 

28 

1241 


24-90 

14 

1106 

137 

12*36 

29 

1262^ 

324 

2S-87 

16 

1116 

148 

13*26 

30 

1268 1 

1 

839 

26-84 

1 
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Tht iempenture ahoold not ducto&te imicb from 30^ C. The Umo*cream 
geoeralljr is so thieV tbst an accurate estimatioD oi the density is somewhat 

difficulty so some prefer to dilute a sample with its own v^ume of water and 
then detenoine the density with, the Brix hydrometer. 

The composition of the nndiloted Umc-cream corresponding to the degrees 
Brix in the diluted state is given here. 


Decrees Brix of 
Uw 

DilutedLime*crcaia 

1 Grmi. per Utn CaO 
of the Undiluted 
Lime-craun. 

Degrees Brix of 
the 

Diluted 1 jnve<ream. 

C*rms. per litre CaO 
of the Undiluted 
Ume-erram. 

0*0 

93*20 

14-6 

160*9 

9*6 

1 03*60 

16*0 ' 

166*0 

10*0 

104*00 

1 

\ 155 

' I6L2 

10*6 

109*00 

i 16G 

166*2 

11*0 

114*00 

! 16*5 

171*3 

11*6 

i U91 

[ 17*0 

176*3 

12-0 

124^ 

17*6 

1810 

12*6 

129*4 

! 18*0 

186*9 

13*0 

134*6 

18*6 

192*8 

13*6 

; 140*1 

10*0 

' 108-6 

>4*0 

146*7 

10*6 

i 203*7 

__ 

1 

1 

i 20*0 

209*0 


Slaked Lime In Pute Form.'-Lime has sometimes been added to the juice 
in the form of a paste, portions of which are weighed and placed in the gutter 
thr^^^irhich the cane juice Sows to the measuring tanks. The advantages 
system are not great, and manufacturers are advised to adhere to the 
old practice of aring Iime*cream. 


B.—SULPHUROUS ACID 

Frepatatlon of Stiphoroiu Add.—The sulphurous add, which is applied 
during the dariheation d cane juice, is obtained by burning sulphur, the use 
of the compressed fluid suljfliurous add bring too troublesome and expensive 
in tropical countries owing to the transport d the heavy cylinders in which 
it is CMtained. The raw material for sulphurous add eonrists of refined 
sulphur, ^riiich is practically pure, and as it never contains more than 0*2 per 
cant of foreign matter, chiefly earth, it bums without leaving any appiedable 
residue. 

In some cases, however, sulphur has been sup|died dontaining a very small 
u&ount of bituminous substances whkb have cdlected as a film on the surface 
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of tlie hiolten sulphur, and notwithstanding its small bulk prevented combus* 
tion. As there is no remedy for this fault, the sulphur has had to be replaced 
by a purer material. 

In sugar factories the sulphur is burnt in iron ovens, which may be cooled 
by means of a water*jacket on the top, the pipes through which the fumes 
escap>e being provided with a water-jacket in order to condense the volati¬ 
lised sulphur, and thus prevent the narrow pipes frexn being choked with 
sublimed sulphur. The sulphur is placed on an iron ladle, which Is thrust 
into the oven after the sulphur is ignited. From time to time the door of the 
oven is opened to add a fresh supply of sulphur. If the sulphur does not bum 
well, the combustion may bo accelerated by placing a red-hot iron upon it. 
In some systems air is forced over the sulphur by an air compressor, while^in 
others an injector in the discharge pipe sucks ofl the gases and causes a draught 
of fresh air over the burning sulphur. It is very important that the air passing 
over the sulphur be dried by quicklime in a special air-dryer, since moist 
air promotes the formation of sulphuric add from the sulphurous add and 
oxygen of the air, which corrodes the oven and the pipes. 

The damage done by m^lccting to dry the air mhy be shown by the analyses 
of crusts and scales in the lead and iron discharge pipes of sulphur ovens in 
which the air has been allowed to enter undried. 


SCKLZS IN THE TUBES OF A SULPHUR OVEK 


Cofistituenti. 

! Scale* from 

1 Tubes. 

Scales from 
Tubes. 

Scales from an 
Oven. 

Ferrous sulphate .. 



traol^^^ 

Ferric sulphate 

3600 

58*16 

Copper sulphate. 

35 OO 



Lead sulphate . 

0*90 

— 

— 

Iron sulphide .. * 



MO 

Arsenious add 

1*20 

— 


Free sulphur . 

5*80 

12-72 

20*77 

Free sulphuric add 


12*20 

1*25 

Iron oxide. 

4-70 

— 

—- 

Water of crystallization •. • • 

7-20 

[ U.,8 j 


Hygroscopic mdsturc .. 

1 

20-20 

6*M 


Drying the Air*—The air is dried by passing it through a hoi provided with 
trays filled with lime. As soon as the lime is saturated mth water on one of 
the trays it is removed and replaced by another one containing fresh lime, so 
as always to have an abundant supply of hygroscopic material in the curreat 
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of the air. When the air is forced over the |ulphiir by means of an air com* 
pressor, it is advisable to have this compressor between the dryer and the snlphut 
oven, for if the dryer is between the compressor and the oven, the fire will 
become extinguished whenever the drying box is opened for chaoginf the trays 
of lime, as the air supply to the oven is then stopped. 

ComposltlOD of Sulphur Poaas*—The sulphurous add content of the gas 
passing out of the oven cannot theoretically exceed 21 per cent., but this 
figine is never attained, the gas usually containing 14 per cent, of sulphurous 
acid: sometimes it may rise to IS per cent, or fall as low as 12 per cent, before 
the fire goes out. 

SulpUtes.^Instead of sulphuroas add. acid sulphites have been used for 
clarifying cane juice. In leery*s process sulphurous add was combined with 
lime in wooden troughs, and the resulting solution of caldum bisulphite used 
as a clarifying agent. Later on. sodium bisulphite was occasionally tried 
and also magnedum bisulphite, but these agents have never come into regular 
use, being discarded after a few preliminary trials. 


C.—PHOSPHORIC ACID AND ITS PREPARATIONS 

Analyses of a sample of commercial crude phosphoric add and also of samples 
of two acid calcium phosphates, arc as follows:— 



Moiio<a]cioin phosphate, Ca 
Mono'ferric phosphate. Fe|(H 4 
Phosphoric Acid, P O 4 • • 

Calcium Sulphate, Ca S O 4 • • 
Tricalcium phosphate. Ca^ Og 
Ferric phosphate. Fe^ P| 0| 

Sand « 

Mobture. 


Sotilbir 

Phf>Nphorii 

Acid. 


2*27 
7-70 
45*91 


4407 


Odd urn 


28-10 

,12-74 

18-53 

4-03 

4.44 

290 

0-73 

27-54 


TIL 


Acid 

Calcium 

Phosphate. 


38-18 
2-03 
15*89 
1 

2-73 

6-91 

MO 

31-03 


100-00 


100-00 


100-00 


Free and haU^coihbined Ps 0| 


36-65 


20-03 


27-00 
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In Example III., an page 241, where molasses was diluted to 86 Biix, the 
purity of the molasses obtained on curing did not rise above S7*3, while, in 
another instance when a massecuite was concentrated to 99*6* Brix and diluted 
with hot molasses in the crystallizers, the resulting molasses gave 86*1 * Brix and 
26*8 apparent purity. A comparison of the ratios of ash to reducing sugar in the 
massecuite and the molasses showed that the low quotient of purity was really 
due to crystallization and not to decomposition or inversion. 

Although it is not possible to state limits whid) wiU apply in every case, 
we may say that a highly concentrated mixed massecuite may be diluted 
down to 06* Brix; the limit of dilution allowed will not then be attained, 
still less exceeded. 

Van dcr Linden* does not trust to the chance that no rc-solution of already 
crystallized sugar will take place during the stay of the mixture of concentrated 
massecuite and diluted final molasses in the coolers. He recommends delaying 
the mixing of massecuite with molasses diluted to 86* Brix to the very moment 
of curing, and practi^ng this addition in a gutter just previous to centri- 
fugalling. 

He advises one to boil to a high concentration, viz., 96^8*5* Brix, to 
cool rapidly in motion with the aid of both cooling by vacuum and by water 
circulation to the tempcratiire of the atmosphere, and to cure aUcr two or three 
days' cooling. Just before curing, the massecuite is mixed with sufficient 
molasses diluted to 86* Brix to facilitate the spinning off of the mother;*liquor. 

In a scries of experiments in which six massccuitcs were treated in this 
way, the average (apparent) quotient of purity of the molasses spun off was 
31*3*, with a minimum of 29*9 and a maximum of 33 2, while the average 
purity of another series of six rimilar massecuites treated in the old way by 
mixing in the coolers, amounted to 35* or 4* more. The cooling by vacuum 
had raised the concentration and therefore achieved the work begun in th^ 
vacuum pan. 

Searbyt mention^ a number of modus operandi in use in si^ar factories 
in the Hawaiiin Islands, from which we quote here a few of the most character¬ 
istic, and observe that in those islands the cooling time*is continued much 
further than in the from Java: 

1. Base of the Ko. 1 molasses and syrup, if necessary grained, and fimabed 
up with molasses to 96* Brix, stured 7 days in crystallizers, and a Uttle water 
added to prevent supersatiiration. 

2. No. 1 molasses, 62* purity, boiled to grain and built up to 97*-97*6* 

Brix, stirred 8 days in crystallizers, and water added after 4 days to bring 
down Brix to 94*. ^ 

» **ArcM VOK m Jm fiiiOwtiiiuHrti,** IW4 UIv 141} IfH, fV^ SOI. 
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S. All No. 1 molasses boiled to grain, drd^iped at 09^ Bria. stured during 
12 days in crystallizers, and water added after fifth day. the Brix falling to 

4. No. i molasses. 54-62^ apparent purity, boiled to proof; powdered 
sugar added, allowed to stand. :cut and built up; cooled 3 to 5 days in crystal- 
lizers, and 4 to 6 days in large cooling tanks, dilution by steam or by lieatcd 
molasses to 9P Brix. Na^CO^ added till low grade is alkaline (o litmus. 

5, No. 1 molasses, 50-53* apparent purity, gndned and built uj) to 
97-99* Brix, stirred during 7-10 days in cr>*staJH 2 crs; addition of heated 
waste molasses to 92* Brix. 

Curing In CeDtriliigals,-*The separation of crystals from the molasses is 
effected in centrifugal drums with perforated walls, whicli are made to revolve 
at a high speed. The inassecuite is poured into the open top of the drum, 
which is then set in motion, whereby the massccuite is forced against the 
perforated walls of the drums which retain the crystals, but allow the molasses 
to percolate through. Around the revolving drum is an iron ca.<dng, in which 
the molasses is caught and from whicJi it c'sca}>cs to a gutter. 

pug.iiilUL_Massecuite cooled in any apparattis for crystallization-in-motion 
is ready for cubing, but a massccuite cooled at rest must first bv broken up 
into loose crystals in a pug-mill, where it is mixed with molasses and reduced to 
a homogeneous mass, thus obviating the risk of charging the centrifugals 
irregulariy. 

The mixture of molasses-sugar and syrup or purge-syrup used a.s seed for 
the starting of fresh massccuite is also prepared in similar pug-mills. 

Shape of CrsnUf an Important Factor.—The way in which a massccuite is 
boUed and cooled has considerable influence on the yield from the centrifugals. 
When the crystals are regular and well formed, and the molasses limpid and 
not turbid from minute crystals, the separation is eflected very easily and 
without loss. But if the crystals are irregular in size/ or if the massecuitc 
cwtains f^se grain, a considerable part of the crystallized sugar passes away 
with the molasses and is lost as first product. The minute crystals form an 
emulsion with the molasses, whicli finnly adheres to the Urge crystals and can 
only be removed by a copious application of water. Apart from the minute 
crystals whidi escape with the molasses through the holes of the centrifugal 
gauze, the surfaces of the larger crystals are dissolved in the water and increase 
the loss. Finally, the molas^ obtained is thereby diluted and can rc-dissolve 
sugar from fresh quantities of massecuite with vdiich it is mixed in the pug- 
mfll or mixer. 

But even if the guasecuite on being struck from the vacuum pan is quite 
aound and eacesnpt fx^ false grain, it may show a great deal of minute crystals 
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in case during cooling a secondary aystaUuaUon takes place which spdls 
the good effect of an irre^oachably conducted bdling. For this reason the 
cooling down of the massccuites previous to their bdng centrifugalled is of 
great importance and it is advisable to cool every one of them in motion. 

With pure massccuites the difference between cooling at rest and in motion 
is small, as more sugar crystallizes in the pan and less on cooling, and the 
latter has a tendency to form larger crystals than is the case with impure 
syrups. As modem methods involve the introductic^ of molasses or syrups into 
the pan in one way or another. after<rystal]ization of first massecuites is 
becoming customary. Even if first massccuites m cured direct, it is still 
advisable to keep them in motion bef^^e curing, becaose if this latter operation 
be postponed owing to some accident, and the massecuites be allowed to cool 
at rest, an opportunity for the formation of false grain is given with all the 
inconvenience attached thereto. 

A good example of the infiuence of cooluig-in*motion on the form of the 
crystals, and hence upon the yield obtained on curing, is afforded by the f oUoW' 
ing analyses of four massecuites. b(aled in the same way from rather impure 
syrups, but of which three were cooled at rest, and one in motion. 


COOUNQ. 

1 

Kammuiti. 

1 1 


MOkUSO* 

1 

1 1 

1 

f 


e 

P' 

4 

t 

1 : 

a 

1 

1 


1 

1 

( 


At rc9t 

74'1 

no? 

]<64 


ai-44 

\n-9 



ts 37 i 

42*54: 

61*62 

61-51 

1 

1 

•1 * * 



M6 

7*7S 

ssss 

'SS-7 



25*40 

4453: 

68-21 

55-51 

13-79 


79*0 

6*47 

MS 

7SS 

8S*7i 

, 3t-9 


1S.7S 

2413 

44-67 1 

69-09 

55-26 

19-66 

Id movement i 

77-0 

9*S2 

1 

ZSl 

1 

1 

1 7-49 

S3*46 

3SS 


6*70 

m 

46-40, 

1 

1 

64 <00 

64<00 

1 




It will be seca that the quantity of aystallized sugar did not differ much in 
all four cases, neither did the chemical analyses d the massecuites nor of the 
molasses; but there were marked differences in the quantity of sugar obtained 
on curing. While all the crystallized sugar in the massecuite cooled in motion 
could be obtained on curing, in the other cases, where the afteKrystallizatkm 
had taken place at rest, so much false grain bad been formed that no less than 
from Id to 20 per cent, of the crystallized sugar re’dlssolved. This table 
therefore shows the great* influence of the shape of the crystals on the yield 
obtained, and how important it is to pay dose attention to the boiling of first 
sugar, where, for want of care, more can be Offered than at any other 
stage of the manufacture. Apart from improving the shape of the crystals, 
crystallization^in-motion has the further advantage of bdng a deanly operation 
and tree from mechanical losses. 
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DlfDcilltlM mot with In Curing.—The curing of first massccuites, boiled 
without addition of molasses and derived from pure juice, docs not present 
any difficulties, but it sometimes happens that the molasses present in the 
massecuite is so gummy that it docs not permeate the crystalline layer, but 
remains inside, and cannot be removed by washing. The only improvement 
is to stop the centrifugal after it run for a ccHain time, mix the sugar with 
tlie layer of molasses, and then centrifugal again ; but as the loosened mass docs 
not distribute itself evenly against the walls of the drum, this device is not 
very satisfactory. 

Sometimes massecuites are so stif! that the curing takes too long, and one 
bad strike of massecuitc retards the whole curing plant for hours, and occasions 
a stoppage in the factory routine. In such a case, it should be ascertained 
that the centrifugals are running the prescribed number of revolutions, 

1200 per minute, as (owing to the slipping of the belts) a reduction of a couple 
of hundred revolutions per minute may remain unnoticed, but is sufficient to 
retard the curing. 

It is also desirable to steam tire centrifugal liners once every day and thus 
keep the meshes clear of sugar crystals which are apt to choke them. 

Regulation of the Coring Work, —Assuming that tJic centrifugal plant is in 
good order, one Centrifugal is charged with the massecuite which 1ms to \h* cured. 
If this sample cures without any difficulty, the whole of the masst'cuiie is 
transferred to the mixer of the centrifugals, and cured. But, if the trial 
sample cures badly, the massecuite is mixed with hot molasses and anoUier 
trial made. If this shows no improvement, the massecuite may be added in 
small portions to larger quantities of easily cured massecuite and the resulting 
mixturt cured with as little delay as possible. But if the quantity be too 
large to mix with other massecuites. it is better to store it in a tank for a fort* 
night, as the most obstinate massecuite is more easily cured after such a period 
of rest. 

Crystals In the Bfolasses Gnttar.-^Sometimes sugar crt^stals arc found in the 
molasses gutter which are much too large to have passed through the mesh of 
the centrifugal liners, and which indicate that the liners have been tom or 
otherwise damaged. Of course, it is impossible to obtain exhausted molasses 
with such a defect, however much care and trouble be bestowed on the boiling 
and cooling. It is well to p^t out this source of loss here, and to advise 
the daily inspection of the centrifugal liners, so as to ensure replacing the 
damaged ones before too much crystallised sugar has passed through them. 

Pvgliig*—It is not feasible to separate all the molasses from the sugar 
crystals in the centrifugals and. consequently, the crystals remain covered 
with a thin film of molasses after that operation. When making refining 
crystals from pure syrup massecuites, this film consists of neutral molasses 

s 
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of 60*70^ purity, and, being harmless, it vrill not give rise to sourness cr detent 
ration. But when making white or raw sugar from massecuites to which 
molasses has been added, the adhering film of molasses is of low purity and 
may cause sourness, so that it is necessary to remove this by pouring water 
on the sugar while the centrifugal is in motion. The water dilutes the molasses 
which then escapes through the perforated walb of the drum. This separation 
is called purging, covering, or washing, and must be performed very cautiously 
in order to avoid dissolving too much sugar at the* same time. Usually, the 
water is sprayed upon the sugar whilst the centrifugal is in full motion, after 
allowing sufficient time for the molasses to pass out of the drum, leaving the 
sugar fairly dry. Owing to the rapid motion, every portion of the sugar 
receives its share of the water, which, after passing through the crystals, escapes 
through the liner. Various appliances have been devis^ to spread the water 
in a fine spray over the sugar in the drum, and so to moisten a large surface 
with a small quantity of water; or a nearly saturated solution of less valuable 
sugar is used for covering, w^ch, while it removes the molasses, cannot 
dissolve any crystallized sugar. Hnally, steam is used for covering, or a jet 
of steam which carries air along with it; the steazp becomes condenUd on the 
crystals, forming water, which dissolves the thin layer of molasses and is 
separated with this. 

However carefully this work be done, it is impossible to pre^ ent some sugar 
being dissolved during puzging; even when purging with sugar syrup much pure 
sugar will pass over into the molasses. When curing raw sugar, the molasses 
from which is to be returned to the pan, this dissolving of sugar is of minor 
importance, because it returns to the pan in a product of the same composition 
as that from which it came. But when curing a massecuite yielding exhausted 
molasses, any dissolving of the sugar in the purging water is to be avoided, 
since this would raise the sucrose content and purity of this waste product, 
and result in a palpable loss of sugar, ^milarly, when making white sugar, 
the mixing of so-called ''green" molasses with the purging syrup is irrational* 
because much water or steam is required to remove the last trace of colour 
from the crystals, and consequently so much sugar is dissolved that a large 
amount of covering syrup is obtained, having a hi^er purity than the original 
syrup, and wluch. when mixed with the molasses, reduces the yield of fiiut 
sugar considerably. 

Separation of Green Molasses and Covertag Symp^-^When earing first 
massecuites for white sugar <tnd mixed massecuites yielding exhausted molasses, 
it is necessary to keep the molasses quite separate from the purging water, 
and to collect them in separate receptacles. This the further advantage 
that one may use a free amount <4 purging water, because the fugar dissolv^ 
therein returns to the pan in the form of a product of the same parity as that 
from which the sugar was derived, instead of passing into an inferior pcoduot 
(molasses). 
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The simplest way of performing this separation is to provide two gutters 
bdiind the centrifugals, one for the molasses proper, the other for the purer 
washings. A movable outlet from the centrifugal discharges the molasses into 
that gutter where it belongs by simply inclining it to one side or the other. 
This, however, is not quite sufficient, as the visdd molasses has not entirely 
left the outer drum when purging has started, so that a partial mixing of the 
two in the outer drum cannot be avoided. Moreover, the outlet is not shifted 
automatically, and there istonscquently risk of this operation being sometimes 
omitted. Another method is an arrangement in the outer casing of the centri¬ 
fugal. which necessitates the centrifugal being able to rotate in opposite direc¬ 
tions by means of an alteration in the driving gear. 

A third device is a centrifugal having two casings, one inside the other; 
each of which is {vovided with a discharge outlet. One casing is fixed, as in 
the ordinary type, while the inner casing may be shifted up or down by means 
of a lever. Whilst the true molasses is being separated, the movable casing 
is raised, so that the molasses is caught in the'fixiKl one. and passes through 
its discharge pipe into the molasses receiver. As soon as purging commences 
the movable casing is lowered, and catches the purging syrup, which escapes 
through the other discharge pipe into a separate receiver. 

All these appliances are very ingenious and work well when properly 
handled, but thore is a risk that the workmen will sometimes omit to shUt the 
levers when purging begins or ends. So Jong as there is a chance of doing 
something wrong, nothing will prevent careless workmen from doing so 
occasionally. \^en experiments or trials have bet*ii made with such apparatus 
they always worked admirably, but in practical working it wUl occasionally 
happen that the rich purgings will get into the receptacle intended for molasses 
or vies versa. The first eventuality is the more serious, because if the rich 
puigings arc once mixed with the exhausted molasses they are lost, and the 
loss of sucrose in the waste molasses is unnecessarily increased. 

• . 

Curing In Two Bets of GentrUogals.—To be on the safe side, the curing may 
be carried out in two sets of centrifugals. In the first.Hhc poor molasses is 
separated, and the raw sugar then mixed with purging syrup in a pug-mill, 
and again cured in the second set of centrifugals. The fluid obtained from this 
second curing operation is partiaUy used for mixing with the raw sugar, while 
the remainder is returned to the Juice. Usually, the purity of such washings is 
superior to that d the syrup from which the first massecuites are boiled, and 
there is therefore no objection to their being retulned to the clarified juice. 
It is not advisable to return them to the syrup, because, being of higher denaty, 
they might trouble the pan-boiler who prefers to work with syrup of uniform 
density, especially when boiling massecuite for udsite sugar. But when the 
purging syrup is returned to the clarified juice, it passes through the evaporating 
pUat. and a uniform syrup is supplied to the vacuum pans without danger of 
loss of sugar. 
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Iii$tead of employing two sets of centrifugals, it has been proposed to 
separate the true molasses in a very large centrifugal of special construction 
and open at bottom. The massecuite enters it from the mixer when the 
centrifugal is running at full speed, the sxigar clinging to the walls of the basket, 
while the molasses passes through. By sJackrning the speed of the machine 
so as to reduce the centrifugal force, the sugar is caused to slip down until it 
falls through the open base of the basket into a second pug-mill, where it is 
xnufhd with purging syrup and then finally cured in the ordinary centrifugals. 

Uolasses Sugar.--Wc have noted that white sugars are cured twice, and 
that raw sugars, frr)ni masscniites which yield rich molasses, may be 
purged in the centrifugals without trouble. It now remains to state what 
is done with the sugar cured from second or third massecuites which yield 
exhausted molasses. It is evident that purging would, in this case, cause 
irreparable loss of sugar, so that curing separates the massecuites into ex^ 
hausted molasses, and a moist sugar containing a considerable quantity of the 
same exhausted mola.sses. In an earlier chapter, we explained that In order 
to obtain a well-exhausted molasses, the crystals in these last massecuites ought 
to be small, so as to present a sufficient surface whereon fresh sugar may deposit 
when assuming the crystallized state. If complete exhaustion of the molasses 
is aimed at, we have now to deal with a very fine-grained sugar, coated with 
exhausted molasses, and the problem is how to dispose of it to the best profit. 

When there is a demand for such sugar, the problem is solved by selling it, 
but in many cases such low-grade sugar is not wanted, and the manufacturers 
have to work it up in some way or other. 

Mixing with First Massecuites In the Coolers,—In cases where a fine-grained 
first sugar is not objected to, the most rational and economic plan is to transform 
this low-grade sugar into first sugar, by boiling the first massecuites to fii^ 
grain and mixing this with the low-grade sugar in the crystallizers. The first 
massecuites contain crystals and a mother-liquor of about 50° purity and, 
when mixed with low-grade sugar (consisting of crystals and exhausted 
molasses) the crystallized sugar from both sources is recovered as a uniform 
grain, and a mixed molasses separates, the purity of which will be higher than 
30° but below 60°. This mixing has the same effect as if the low-grade sugar were 
mixed with rich syrup in a mingler before being cured a second time, and this 
operation is therefore equis^ent to curing in two sets of centrifugals. After 
being well mixed, the mixture of massecuite and sugar is cured, the sugar is 
purged with water, syrup, or steam, and the resulting washings allowed to mix 
with the molasses, because these will be reboiled to form a second massecuite^ 
In this way, the low-grade sugar is got rid of without undergoiif^ any loss tho 
adhering exhausted molasses, the latter being replaced by a much purer 
molasses, whicli. if necessary, may be removed by purging water, because the 
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portion of sugar dissolving during that operation is recovered in the form of a 
product of the same p\mty as the ori^nal massecuite. 

It is evident that the purity of the rich mother-liquor, surrounding the 
crystals of the first massecuite, will be reduced by being mixed with the ex* 
hausted molasses introdticed in the form of low-grade sugar, and this reduction 
in purity depends on the purity and quantity of low-grade sugar added. 

Starting from a pure j^ce, the quantity of low-grade sugar will be much 
less than in the case of an impure juice, and, consequently, the decrease in 
purity will be much larger in the second case than in the first. 


Let us assume an example in which a first mas.secuite of 80*^ purity 3 deld$ 
molasses for a second mixed massecuite of 70^ purity, the molasses from which 
is rc-boiled to a molasses massecuite of 60* purity. Wc can then calculate 
how far the purity of the mother-liquors deteriorates by the return of the low* 
grade sugars to the first massecuites. 

We will assume that in one cose a low-grade sugar of 90* polarisation is 
returned, and in another case one of 86^ polarisation, and that they are re¬ 
turned into a massecuite of 80^ purity or into one of 70^ purity, giving one 
example of each. 

Sugar having 99^ Brix and 90' polarisation (yielded by a massecuite con* 


t^ing mother-liquor of 30^ purity) shows a purity of 


90 X 100 
99 


91^ and 


cemtain^ 


91 ^ 30 
100 — 30 ^ 


W 

lOO 


» 86 per cent, crystallized sucrose and 14 per cent. 


molasses. 100 parts of molasses massecuites of 60"* purity yield ^^ X ^ 


47*2 parts of moist low-grade sugar, whicli contain 


91-30 
47*2 X 14 


100 


99 

6-6 


parts of exhausted molasses. 

A sugar having 96*Brix and 85^ polarization shows a quotient of 86*7^and 
contains 79*4 per cent, of crystallized sucrose and 20*6 q)er cent, of molasses, 
while 100 parts of molasses massecuites yield 60 parts of moist low-grade sugar 
containing 10*3 parts of exliaustcd molasses. 

According to Pasma's figures,* and working by Scheme B. we have on every 
100 parts of molasses massecuite 130 parts of massecuite at 70^, and 660 at 80*. 
When all the molasses sugar is returned into the massecuite at 70^, then, in case 
of a sugar of 90* polarization, 6 *6 parts of exbausted^olasses are mixed with 130 

*0 X 100 

parts of a massecuite of 70®, or in 100 parts ——— » 5*1 (For simpU* 

ImU 

fying the calcul|tion the water contents of the difierent massecuites are assumed 
to 1^ the same.) We assume all the massecuites to be 95‘ Brix. and all the 
molasses to be 90^ 6rix and that, according to Pasma, a massecuite of 70® 

• •• AnbW toot dt Jowo 1904,114; cod pan 28 of tMi Worib 
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puritj gives molasses of 60^ purity, and one of 80*p\irity gives a molasses 
00*^ purity. 


100 parts of massecuite at 70^ purity contain—^ X — —3S parts of 

100 -60 100 ^ 


crystals, and 62 parts of motlter-liquor of 60^. To these are added 6*1 parts 
exhausted molasses at 30^ purity, caiising the purity to decrease as follows 


62*0 X 0*60 « 31*00 * 

5 *1 X 0-30 - 1*63 
67*1 32-53 

43*6^ or a decrease of 1*6” 


If the low-grade sugar had polarized 85^. 


10-3 X 100 
130 


7 -9 parts of ex¬ 


hausted molasses would have been mixed with the 62 parts of mother-liquor 
bringing down the purity by 2*3 degrees as here shown 


62*0 X 0*60 « 31*00 
7 *0 X 0*30 2 *37 

69*9 33*37 

47*7” or a decrease of 2*3” 


If. on the contrary, the low-grade sugar had been mixed with massecuite of 
80” purity, the decrease would have been much less, owing to the considerable 
quantity of that massecuite. 


On every 100 parts of molasses massecuite, we have not less than 650 masse- 

80 ^ 60 96 

cuite of 80” purity. 100 parts of this contain -X-47*6 parts 

^ ^ ^ 100- 60 100 ^ 

of crystals, or 62*5 parts of molasses at 60”. 

6*6 parts tI exhausted molasses are added to 660 parts of first maase- 

^ 6*6 X 100 , ^. , 7*9 X 100 • o 

cuite, or on 100 parts, ^ 1 part in <me case and ■ ^ 1*2 

660 650 

parts in the other case. The decrease in purity in the case of sugar of 90” 

becomes 60 - 52 5 X 0-60 + I X 300 and in the case rf sugar of SS* 


60- 


82-6 X 0-60 + 1-2 X 0-30 
53-7 


0-7*. 


When calculating these figures for other purities of the juke, we obtain the 
following table for the decrease in purity of the mother-lfi)oor in the first and 
second massecuites. when all the Im-grade sugars are returned to them. 
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Qootieot of Puritj of ^9 Symp 


M 1 

as 

1 “ 

♦ . 

82 

7S 

Pstts et let m.c. on 100 moUaMs maaeccuite . 

ftSO 

451 

; 4S3 ! 

162 

1- 

66 

.. M .. lOU 

! 130 

m 

123 

118 

118 

U'Ami fituming tttgar oj e<P 

Pftrtiof wA*te molanc* on llX^parlfi of lut masnecaitv! 

IHI 

1*4 

> M 

1 

4) : 

116 

M .. too Snd 

SI 

S't 

S-* 

5*6 ; 

■SI 

Decreste in quotient of mother-liquor IM mninccaitfl 

OS 

o*s 

o<a : 

t.i , 

wm 

** .< *• Sort 

i IS 

I'S 

le 

: IS 

10 

Wkfn iugar of Pofa^jAvltON 

Psrttof wtstemoUaneson lOOptrUof let nuiMeroiltr 

i 

1 ?•» 

33 

' 2*2 

1 1 

61 

18-4 

„ 100 2nil 

a*i 

3-4 ; 


6*8 

Decrease in quotient of motl>er-l>qoor let mHMrcttite 

i 07 

1*3 

.1*2 

3*6 

6'3 

1 , ,1 ,» 2nd 

1 2-3 

( 

23 

. 3-4 

: 2S 

1 

2 5 


We notice that, when returning low-grade sugar into second massecuite, the 
purity of the mothcr*liquor docs not decrease more when the original purity of 
the syrup is high, than when it is low. 

On the contrary* this purity exerts a grcai influence on the quantity of low* 
grade sugar obtained, which rises considerably when the purity of the s^Tup 
falls. This is clearly shown in the following table, where all the flgures arc 
calculated on 100 parts of dry substance in syrup. 


4 

1 

Quotient of Parity of the Syrup. 

1 

4 

“ i 

s. i 

86 1 

1 1 

82 75 

• - i 

Total amount of massecuites ..: 

176 

160 

: 155 

15H 151*6 

Quantity of molaases-massccuite .. 

20 

25*4 ; 

93 1 

42 ; 60 

* 

„ sugar of 90® .. . .1 

9*4 

12* 1 

16-6 

1 1 

19*8 1 28-3 

„ „ 85® .. . .j 

10 1 

1 

i 

12«7 : 

16*5 

21 ! 30 

1 


Whereas, at a high purity of the syrup, the amount of low-grade sugar to be 
returned is not excessive and will not cause any trouble, it increases considerably 
the purity of the or^nal syrup falls below 96*. Under these conditions, 
it is not wise to return all this sugar Into first or second massecuites, rince by 
doing so the cgotrifugal work will be increased by 26 per cent. 

When, therefore/•the juice is impure, and consequently the amount of low* 
grade sugar becomes excessive, it often happens that the centrifugals fail to do 
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the required work properly, an^ that the low-grade sugar still contains an 
excessive quantity of molasses owing to its being impeifectly cured. By doing 
so, much more exhausted molasses is returned to the first massecuites than the 
calculated quantities, so that the purity of the mother-liquors in such masse¬ 
cuites decreases much more than might have been expected. In such cases, 
when it is seen that the amount of low-grade sugar is getting too la^e to be 
properly dealt with, it is best not to force matters, but to cure ^y so much 
roassecuite as the centrifugal plant can deal with properly, and to store the 
remainder in tanks until an opportunity of curing it occurs. 

liOW'grade Sugar as Seed.—This mixing of low-grade sugar into first masse¬ 
cuites can only l)e done when the size of the grain is of no importance. To 
obtain a well-exhausted molasses, it is essentia! that the grain of the low-grade 
sugar be fine. In order to mix this with first massecuites, it is evident that the 
grain of this ought to be fine also, otherwise the mixed sugar will contain small 
and large crystals, and will, moreover, give rise to many difficulties in refining 
operations. 

When a large-grained first sugar is desired (which is generally the case 
since one has experienced that sucli a sugar has a'better keeping quality than 
the fine-grained raws), such a mixture is no longer feasible, and the low-grade 
sugar may then be used as seed in boiling these massecuites as follows 
The sugar, well cured in the centrifugals (but without purging), is mixed with 
syrup and the mixture drawn into the pan and concentrated. The syrup 
washes off the adhering molasses leaving the sugar crystals clean and bnlliant, 
just as when graining in the ordinary’ way. The quantity of grain thus added 
must be sufficient (as when graining syrup) to yield the requisite number of 
fully grown crystals in the finished massecuitc. The small crystals are allowed 
to grow by the addition and concentration of more syrup, and the massecuite 
finished in the usual way. A great advantage of this method is that the hot 
syrup dissolves all the smaller grains from the added sugar, so that ultimately 
the seed consists exclusively of wcU-shaped crystals. 

The calculation of the amount of molasses returned into the massecuite 
is the same as in the case of returning these sugars into the crystallizers. 

If the quantity to bo returned is relatively small, this process has no 
disadvantages, but in case of alow purity of the syrup the same Impediments 
arise as have just been pointed out above. 

Van Welle advises one tq cure the molasses sugar separately in a centrifugal 
to a purity of about ^7^ and to mix the white finely-grained sugar obtaii^ 
with syrup as seed for the first massecuites. The impure puzging syrup obtained 
on this operation, having a purity of 48-60^, is k^t apart and drawn into t 
vacuum pan in which a fin^ massecuite is being boiled. The impurities of 
that liquid do not therefore interfere with the graining, while the sugar cm- 
tained therein serves to build up the crystals already present in the massecuite. 
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In cases where the amount of molasses sugar is too large to be disposed of 
in one or other of the ways indicated above, wc are compelled to melt them in 
the juice, and boil them into first sugar, an operation that cannot be performed 
without loss, which in this case is unavoidable. 

The following table shows the compo»tion of a number of sugars intended 
for r^melting, all of which are taken from practical working. The percentages 
of crystallised sucrose and of adhering mt^asses are calculated from the re¬ 
ducing sugar content of th<»second sugars and the molasses separated from them. 



' Kind of Sugar. 

1 

1 l\>Unca* 

9 

• JS’f Ci'Hl. 


No. 

‘ lion. 

s 

i 

Sugar. 

1 

. Crystal. 

MfiiaatKii 

1 

: 1st Molasses sugar 

f 

3-03 

14 86 

730 

20-4 

2 

I 1st ., 

.. 77*2 

4 07 

7 04 

, 430 

67 0 

3 

2nd ,, .. 

..1 84-8 

5*5 

23-0 

: 770 

230 

4 

i 3rd 

.. 80-5 

8-00 

30-5 

730 

: 260 

5 

3rd „ 

7ft-7 

0] 

29 0 

686 

31-4 

5 

3rd „ 

..j 74-0 

10-0 

i 250 

600 

400 

7 

3rd .. ^ 

70*3 

f 

1 10*0 

1 

1 

220 

560 

43-7 


When a product, containing a gn^at percentage of exhausted molasses, is to 
be returned, the question arises as to which stage of the manufacture is most 
suitable. Some melt the second sugars in the boated miU-juice, by allowing 
the latter to flow over a sieve on which this sugar is piled ; others moll it in the 
subsided clarified juice, while others run ofE the synip at a relatively low 
density and bring it to its proper concentration by dissoKdng the second sugar 
in it. All these methods have their advocates and opponents. No loss is to 
be feared from dissolving these sugars in the syrup, but then the mistake is 
made of mixing the syrup that has been carefully claftfied and neutralized 
with the (as a rule) add sugars, and contaminating it wiih their impurities. 
We can only do this on condition that the synip is afterwards thoroughly 
eliminated, neutralized, and allowed to settle. The same must be said with 
regard to melting the seconds in the clarified juice; in this case also, an acid and 
impure body is dissolved in a clarified and neutralized juice, thou^ this is 
preferable to melting the seconds in the syrup, bccaW thiy dissolve much uiore 
readily in thin-juice than in the concentrated syrup. One drawback to this 
|wocess is the incrustation of the tubes of the triple effect by the suspended 
impurities which settle on them during concentration. 

From the point of view of obtaining a good clarification, the introduction of 
the seconds into the mill-juice is more to be recommended, as they wilt then 
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again ^be submitted to all the processes of darificatioQ^ against which may be 
set the drawbacks of the heavier juice subsiding slowly, and cf the juice in the 
scum containing more sugar, so that more is lost in the scum^akes. 

The romelting of seconds is usually a very wasteful operation. As there is 
not always an opportunity of disposing of them, they are frequently heaped up, 
and at the end of the grinding season, a Urge quantity of seconds have to be 
melted in an insuffident quantity of juice, causing the last massecuites of the 
season to consist almost exclusively of re-melted seconds. The waste due to 
rc-melting is therefore a mechanical loss. 

Returning Seconds Into the VaeuniB Pan.— This maybe obviated by dissolve 
ing the second sugar in a little hot clarified juice to the concentration of syrup, 
skimming and neutralising, and drawing it into the pan, in which a first nvissc* 
cuite is already half finished. The grain already formed in this is suspended in* 
a liquid, the purity of which is in no way superior to that of the sugar solution 
drawn in. In this way there is no loss, the juices are not spoiled by being 
mixed with inferior sugar, and no objection can be brought against this plan, 
because the grain is already formed, and 'under ordinary conditions woiUd 
increase at the expense of a syrup which is no pdrer than the solution drawn 
in. A good neutr^ization of this sugar solution is indispensable, as otherwise 
the add molasses remaining between the crystals of the sugar might cause 
inverdon and deterioration. 

Drying ths Sttgar,— In many countries it is the custom to pack t^e raw 
sugars immediately after their being cured without drying them artihcUlly. 
As. however, it has been proved that a dry raw sugar will keep better in storage 
and in transport than a moist one, drying the sugar is much more widely 
practised now than previously. 

Formerly, the sugar was dried in the sun on a plastered floor, but, owing to 
the increased output of factories, this method has been generally abandonedi 
the more so because it was expensive, slow, and dependent on the weather. 
The impossibility of (Vying sugar on rainy days was not so serious then as now, 
because wet weather also interfered with the transport of canes and the drying 
of bagasse, so that all manufacturing operations stopped. Sugar dryers came 
into use as soon as railway transport and modem bagasse furnaces rendered the 
manufacturer quite independent of the weather and enabled him to continue 
crushing even (hiring rainy weather. 

• 

Sugar Dryers*-^ At the pr e s e nt day, the sugar is dried in large iron cylinders, 
placed on an incline, and provided internally with sooops. The moist sugar is 
thrown in at the top, and the revolving motion of the cylinder causes it to faQ 
from one scoop on to another until it reaches an outlet at iiik bottom, after 
remaining in the dryer for 7^10 minutes. During that tftne, a current of hot 
%ix is driven in, or drawn through the dry er, the air bring heated by being first 
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drawn through a series of pipes built into a hmiace under which bagasse is 
burnt. On entering the dryer, the hot air comes into contact with the falling 
moist sugar and deprives it of moisture. 

Usually the hot air enters the dryer at a temperature of 120^ C. (248^ F.) 
and with a water content of 20 grms. per cubic metre, and leaves it at a tempera¬ 
ture of 60® C. (122® F.) with a water content of 40 grms. .per cubic metre, As 
air, at that temperature, is only saturated when containing 50 grms. of water 
per cubic metre, it is evident that thi^ drying process is not as economical as it 
might be. The temperature of the dried sugar is also about 60® C., the refining 
crystals then contain 0*60 per cent, of moisture, and the white sugar not more 
than 0*1 per cent. 

In some systems, the drying is effected with steam, or steam is conducted 
through heating tubes by means of a current of air. but those in which the sugar 
AS dried by means of hot air are most generally used. 

Dullness cl Sugar dried In RefoMiig Dryers.^ Sugar crystals retain their 
brilliancy when dried by means of dry steam in the centrifugals, or in the sun, 
though in the latter case they arc somewhat bleached, but they become dull 
and grey after passing through a hot-air dryer, the commercial value of the 
sugar bring thereby depreciated. This dullness is probably due to the rubbing 
of the sugar cr^fstals against each other and against the metallic parts of the 
dryer; also to the finely powdered sugar arising from the crystals already 
dried and carried forward by the air current, and deposited upon the moist 
crystals entering at the top. In the case of white sugar, which ought to have 
a sparkling appearance, the drying should be effected in the centrifugal by 
means of dry steam. 

Dried Sugar someUmes becomes Holst agiliL—Sometimes dried sugar 
absorbs moisture from the atmosphere after bemg passed through the dryer, 
md forms into a bard mass. This is observed when diseased or burnt canes 
have been worked up, and when the sugar has been exposed to too high a 
temperature in the dryer. It may be remedied by passing the sugar through a 
second apparatus, similar to the dryer, through which a current of cold dry air 
js drawn. If sugar is bagged hot, it often sets into a hard brown mass, which, 
being very h^roscopic, readily attracts moisture from the atmosphere, so that 
a syrup liquid ooses out of the bags. When ^riiitc sugar is b^ged hot, it 
becomes dark-coloured in the centre of the bags after being stored for some 
time. These inconveniences are avoided by cooling in a second cylinder. 

ttfttng and Packtog.— After bring dried, the sugar is passed through copper 
•trainers in order to remove lumps formed in the vacuum pans or centrifugals, 
or pieces of unaired masaecuite which have dropped into the centrifugal after 
the sugar was cutedr The finished sugar is then packed in bags, baakeU, or 
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In many factories the last massecuites are not boiled to grain bat are boiled 
'* smooth '' or to " string-^woof.” 

Before rcboiling the molasses a special clariBcation should not be omitted. 
The mtiiosses themselves may contain suspended impurities^ which ought to 
be removed before a new crystallization takes place, othervnsc they may be 
occladed by the crystals and impart to them a dark Mena. If^ on the cesitrary, 
they remain suspended in the mother-liquid after crystallisation has taken 
place, they are apt to render it viscous and difficult to separate from the crystals. 
Finally, molasses obtained from a badly boiled roassecuite, or one which has 
been cured hot, may cMitain very minute crystals, due either to false grain 
whidi has passed through the centrifugal lining, or to after^crystallization of 
the hot molasses in the gutters or tanks. When the molasses are boiled 
smooth, the crystals settle on the coils and become charred, and also cause an 
irregular crystallization by their being mixed with the crystals which form 
during cooling. Strictly speaking, wc shwld never omit to re<laiify all 
molasses before boUing them. To this end they are run into an eliminating 
pan, and heated by means of a steam Jet; a froth now appears on the surface 
which contains all the floating and suspended impurities of the molasses; 
this is skimmed off. At the same time the steam, and the roaulting dilution, 
dissolve the fine crystals vdiich passed through the interstices of the centrifugal 
linings, and are suspended in the molaasos. » 

The analyses of the froth, and of the molaascs from which it is derived, are 
given below, both in their original state, and alv> calculated on dry substance 
so as to eliminate the influence of the dilution. 


Conit ituenti. 

t 

MoUanei. 

Froth. 

____ 1 M 

On 100 ! 

Origioftl 

On 100 Dry 
Sabitance. 

On 100 
Origiatl 
Fr<^. 

1 • 

OfilOO Dry 
So bit ante. 

Sucrose ..' 

47-21 1 

71-02 

! 49-60 

m 

Reducing sugar 

980 

' 14-74 

9 26 

■tn 

Water. 

1 

33-63 

— 

28-03 


Ash •« .. 

1-98 

2-00 

325 

4-57 

Soluble part of the ash 

1-23 

1-85 

MS 

1-67 • 

Insoluble part of the ash * .. 

0-76 

1-14 : 

I 2-07 

* 2-90 

Silica. 

0-16 

0 -24 . 

i 0-66 

0-78 

1 

Calcium phosphate . 

0-08 

0-12 

! 0-38 


Calcium carbonate 

040 

0-60 

1 096» 


Magnesium carbonate . J 

0*11 

0-17 



Wax. 


— 
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• 

It follows that the froth chiefly consists of the same constituents as the 
molasses> but is rendered gummy by small admi^ctures of calcium phosphate 
and carbonate, wax, and organic calcium salts. 

This admixture is similar in. composition to the precipitate obtained during 
defecation, and to the various sediments encountered during the course of 
manufacture. It occurs in the defecation mud, on the copper gauze serving to 
filter the clarified juice, in the first vessels of the evaporating plant, in the sedi¬ 
ment from the syrup, in ttie scale of the vacuum pan, and here again in the 
froth of the molasses. This shows how deniable it is to eliminate the scums 
after clarification, so that subsequent operatiuus need not be hindered by having 
to repeat this operation at every stage of manufacture, tlius causing much 
annoyance and delay. 

It is true tliat such treatment dots not raise the quotient of purity, and that 
the effect of clarification cannot be expressed in figures, but the elimination 
of the constituents which render the molasses viscous is a greater advantage 
than an increase of one or two points in purity, since sucli incrcasi* is generally 
more apparent than real. • 

During elimination the molasses can be neutralized uith lime or with 
sodium carbonate, or may be bleached by means of sulphnroiis acid, just as 
in the case of syrup. 

BoUliig Smooth*—The diluted and eliminated mola&;es is drawn into the 
pan uirtil all the coils arc covered, concenfrated, and further molasiW^s added 
as the contents diminish through evaporation, being concentrated to '‘string- 
proof " as soon as the pan is full. 

The concentration should be conducted to a point at which the cooled 
mass is sufficiently fluid to promote crystallization, yet has not become so 
solid as to retard it. 

• Great care must also be taken that the concentrated massocuite does not 
cool too rapidly, nor commence to crystallize before it enters the crystallizing 
tanks. The temperature should therefore be kept rather high during the 
finishing stage, not falling below 70^ C. This high temperature, however, has 
the disadvantage that the unstable products of decomposition which have 
become accumulated in the seconds, attain such a degree of concentration that 
they may decompose spontaneously, and when once this has started it cannot 
be stopf^, as will be shown under the heading froth fermentation.'’ But, 
although a high temperature is sometimes destructive, it is necessary in order 
to prevent a too rajnd crystallization of the sugar* 

a 

Traiuport of tUssoeults to CrTstallison*—When a molasses massecuite, 
boiled smooth, 'deposits crystals on its way to the crystallizing tanks, there is 
great risk of this su^ interfering with the r^ular crystallization of the masse- 
cuite and the formation of wcU-developed crystals. These very minute crystala 
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do not grow, but render the mother-liquid (in the cooled massecuite) viscous and 
turbid, and interfere with the curing, causing con^derable loss. In some 
factories, the concentrated molasses fiows into the crystallizing tanks through 
long gutters, or. still worse, through pipes—conditions which offer every 
oppentunity for irregular crystallization and its attendant evils. For this 
reason, ft is advisable to convey the low-grade massecuites to the oystaUizing 
tanks with as little delay as possible, preferably in trolley-tanks which can be 
moved rapidly. The author has inspected many" factories where the yitld 
from tnassccuitcs was usually very low. and in such cases a rather rich molasses 
was sent away from the factory, because it would no lon^r yield any sugar. 
These wasteful practices disappeared as if by magic when these massecuites 
were no longer allowed to flow slowly through pipes to the crystallizing tanks, 
but were carried there rapidly in trolley-tanks. 


Cooling In MoUon,^At one time second massecuites. boiled smooth, were 
cooled in motion, sometimes alter addition of sugar crystals as seed, but the 
results did not seem satisfactory and the pi^tice was abandoned. 

An example of a concentrated second massecuite, boiled smooth, and cooled 
for three days in motion is recorded here. The analyses are of the mother- 
liquor surrounding the crystals, and consequently the first onh represents the 
composition of the original massecuite before crystallization had commenced. 


1 

Samiilv takca. 

Tamper** 
turc in 

•c. 

Bns. 

PoUria- 

tion. 

Heducing 

Sugar. 

Quotieat. 

Sucroae 
crystal- 
liaeH out. 

‘ 1 

Before cooling 

70 

PM 

60*8 


66-7 


After 24 hours . 

56 

86*8 

46*8 

! 11-02 

53-9 

26-3 . 

After 48 hours 

47 

86*0 

45*2 

' 12*82 

52*5 

27-3 

Separated molasses 


85*9 

42*8 

13*02 

1 49*8 

30-6 


Cooling at Rest.—When concentrating slowly, and at relatively low tempera¬ 
ture, as is now done, molasses cannot be concentrated to the same d^ree as 
massecuites boiled to grain^ because they would become too stiff to allow of 
proper crystallization. 

In former times when aU molasses were boiled smooth, they had to be left 
with sufficient water to allow crystallization to take fJace in tfie tanks and to 
again coocentrate the mother-liqu^ after separating it from the sugar whkb 
cr>’stallized out. Nowadays, only a small portion of the fizml massecuites is 
boiled smooth and all the rest is done to grain. 
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We give here an instance from older practice when all molasses were 5oUed 
smooth, and a total exhaustion could only be obtained after repeated con¬ 
centrations and crystallizations. Hie figures refer to the analyses of a first, 
a second, and a third molasses,, befon* and alter boiling, in the same factory. 




• 


1 

1 

K 

& 

Sucrose. 

w 

.b 

W <0 

9 W 

fiia 

1 

i 

1 

1 ji 

m 

\ ^ 

* ^ 

Water. 

Purity. 

First molasses before boiling 

• « 

82-70 

49-6 

' 12-3 

1 6-04 ' 

20-55 

60-0 

Second „ 


SI 

• • 

8M0 

46-0 

; 13-4 

1 5-20 ! 

23-27 

5H-7 

Third „ 

$9 

SI 

1 4 

83-20 

44-8 

j 17 b 

6-60 1 

1 

20-28 1 

53-8 

First ,, 

after 

as 

• « 

88-70 

53-0 

1 12 7 

5-45 

16-8 

69 8 

Second 


IS 


88-40 

49-6 1 

i 16-0 

1 

5-30 

18-3 

56-1 

Third „ 

M 

IS 

$ 4 

90-70 

« 

48-6 

1 

i 17-9 

1 1 

0-87 

14-10 

53-4 


In boiling molasses, not more than five or six per cent, of water is evaporated^ 
hence the yield La sugar from molasses massccuito cannot be very considerable 
if, in curing the No. 1 sugar, all the crystals were separated from Uie molasses. 

The hiolasses massecuites are disdtarged into crystalliring tanks, where 
they are allowed to cool down, and where the sugar that can now no longer 
be retained in solution hnds opportunity to crystallize. The rapidity of this 
crystallization and the size of the crystals depend on the rapidity with which 
cooling goes on, and the nature of the liquid in which they are formed. 

Pure sugar solutions crystallize much mure quickly than impure and viscous 
o^es, when the conditions of coohng are the same. The very impure and 
sticky molasses under consideration here take three weeks and more before 
crystallization has come to an end. Cooling and crystallization proceed more 
r^dly in small iron tanks than in large concrete dstems built up from the 
ground. , 

As a rule, the tanks should be of sufficient capacity to bold the contents of 
one pan, and not so la^e as to be filled only after three or four consecutive 
operations, ioc in this case the crystallization b dif^urbed every time a fresh 
supply b run in, and the grain b irregular in f&nn. 


Itager of BipoalTf Cone6ntriUoit<^Tbe hot massecuite b generally fluid, 
but becomes stifi andsemi-soUd during cooling, and as concentration is generally 
carried too far rather than not far enough, crystallization in the tanks b 
g^iermlly hiiidered. Crystab fonn, but grow to slowly or not at all, that 
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sometimes a massecuitc, having a purity of 50^, consolidates into a hard mass, 
which cannot be cured and is generally thrown away. It is, therefore, necessary 
to concentrate low*grade massecuites to about 94^ Brix. this being the limit 
for a good crystallization at rest. Storing of the highly concentrated second, 
massecuites in a hot room has been suggested for keeping the molasses fluid 
during crystallization, but the general construction of tropical factories would 
prove an obstacle in carrying out this suggestion, which has not gone beyond 
a few preliminary trials. 

When the last massecuites are very stiff, crystallization can be promoted by 
covering them with water to a depth of one foot, and leaving them to stand for a 
month. A few planks are first laid on the top of the massecuite and the water 
poured upon them, in order to prevent the latter from directly mixing with the 
massecuite. The massecuite gradually absorbs water, becoming more fluid and 
allowing the sucrose to form into crystals. When crystallization is complete, 
the thin supernatant liquid is .scoo|»e<l off and the massecuite cured as usual. 


Froth FarmeatatloiL.—During the cooling of low-grade massecuites, the sur¬ 
face sometimes becomes convex and eventually bursts, a brown froth oozing 
out of the crevices. This soon covers the whole surface, ri^ng continuously 
and finally flowing over the top of the tank. Gases escape from this froth, 
emitting a very unpleasant smell, and having an acid reaction, the whole 
phenomenon being called froth fermentation.'* With second and third 
molasses (in which no bard crystalline crust is formed on the surface) the 
whole mass starts frothing from the bottom, but in other respects the phenomena 
arc the same as with first molasses. As this fermentation is not due to micro¬ 
organisms. all efforts to combat the phenomenon by means of disinfecting 
agents are fruitless. This froth fermentation docs not decompose sugar, 
and as the massecuite is kept in motion by the disengaged gases, crystalhzatifn 
takes place very easily; hence such massecuites generally cemtain well-shaped 
crystals, and are ve,*y easily cured, for which reason it is customary to say 
that the froth changes into sugar, but this must not be understood literally. 
Tlie most probable hypothesis is that the frothing is caused by the spontaneous 
decomposition of products*formed by previoiLs decompositions of sucrose or 
roilucing sugar, forming carbonic, formic, and acetic acids, and caramel. 

Perhaps both causes may promote froth fermentation. The author recollects 
a very striking instance of thJa phenomenon in a factory wher e the te mpe r a ture 
in the carbonatation tanks had been allowed to risp too high. The first sugar 
and first molasses massecuites were quite normal, but suddenly two low-grade 
massecuites fermented violently. They entered the crystallizing tanks at a 
temperature of 70^ C., but after a couple of days this, rose to over 100^ C., 
currents of add gases escaping with such force that Urge lumps of the contents 
were sometimes flung up and fell back into the tanV Part ci the massecuite 
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was charred by the intense beat; and, a/tcr fcmentation, it appeared as a hard 
and porous mass of carbonaceous matter, almost insoluble in water, which 
extracted the following constituents:^ 

Per cent. 


Sucrose . 7*69 

Reducing sugar.. 384 

Free add (as ace tic acid) . 341 

e 


It has been proved that froth fermentation is also due to decompo&itlon 
of products formed by overlicating of sugiirs. and has been obviated by 
steaming and skimming the raw molasses, by which means the fine crystals 
suspended in the molasses are dissoivM and can no longer become ovi*rheated 
by contact with the coils, and thus give rist^ to these troublesomt* products of 
decomposition. 

A further proof that froth fermentation is due to decomposition of products 
of superheating is the fact that T^olasscs are now no longer boiled repeatedly, 
but almost immediately removed as exhausted, aiul therefore there is less risk 
of superheating, with the result that froth fermentation has occurred much 
less frequently of late years. 

t 

The reason why such massecuites start frothing only while cooling down 
is that the unstable bodies decompose spontaneously when the concentration 
of the solutions rc^aches a certain point. As a massecuite cools and sugar 
crystallises out, the dissolved impurities become more concentrated, and this 
promotes decomposition, which goes on steadily in the hot medium, when 
once started. 

When this fermentation is accompanied by a considerable rise in temperature^ 
sucrose, glucose, fructose, etc., are also discomposed and even charred, but the 
decomposition generally stops at the primary products of decompoation which 
are already present in the liquid. It is possible that such products are always 
present, but that some condition which induces decomposition is absent, and no 
fermentation is seen, but some local overheating, or excessive temperature, 
allows the fennentatiem to start. As it ceases when the massecuite cools down, 
it is never so violent in small iron tanks which cool rapidly, as in large ones 
where the heat is retained for a longer time. As already observed, no sugar is 
decomposed by this fermentation, but the mechanical losses may be considerable 
when the mass foams over the tanks on to the Boor. If this is prevented by 
only half filling them, the«vailabk storage space is not utilized and the capacity 
of ibt plant diminished. These are sufficient reasons for trying to prevent the 
fermentation, by keeping defecated juices faintly alkaline to phenolphthaldn 
paper before and duiing concentration. Further, all molasses should be diluted, 
steamed, and skimmed previous to being concentrated, and prolonged heating 
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Ht tenipcriiture^c abovi* 70* C. ought tu be avoided. With these precautions, 
froth fenrifriitatiim niav l>e u\*oidcd. 

Curfiig of Seoonds,—When the grain is large and the ciystals do not stick 
together, the curing is carried out in the usual centrifugals, but such massecuites 
are so Auid llmt they du not require to be prepared in a pug*mill. Formerly 
the centrifugals used for seconds were driven at a low velocity, but nowadays 
the seconds are cured in Weston centrifugals, which ere started at a slow speed, 
and afterwards acquire their usual velocity. 

Drjrtng.—The second sugar can be washed in the centrifugals if neceMar>* 
but. as a rule, this is omitted, and the moist sugar is sold, used as seed in the 
pan. or dissolved in the juice. 

Sack Sugar, Task Bottoms, or Blaek Stroop.—When a low-grade massecuite 
ha4 a purity of 4d-4d*. the grain is generally too small to be recovered in centri* 
fugals. so the massecuite is loaded into bags made of special palm-leaf mats. 
As soon as some molasses drains of!, the bagi are refilled with the massecuite, 
and this draining off and refilling is continued until the contents have assumed 
a socni-solid state. The bags arc then sewn up and piled in heaps, by which 
means a further quantity of mola.s5cs ooaes out of the bags.^ The piles are 
shifted a few times, and when the contents arc considered sufficiently dry the 
sugar is sf>ld as " sack sugar.*' ** black stroop.'* or tank bottoms.*’ 

As a rule, it contains 65 per cent, of sugar crystals, and 65 per cenu ot 
exhauslM molasses. 

It is not advisable to return so low grade a product inter the course <d 
tn uiufHc:tun\ It h l>cttcr to sell it even at a low price than to run the risk 
of sp'^iling good juice through mixing it with so inferior a product. 



IIL^Schemes for Boiling and Curing 


I.— Scheme for* turn ikc out one Gkaue of RawSugak^ the Thiri> Sugar 
BEING NETURNEl> INTO THE CRYSTAI.LIEFIRS CONTAINING THE FZRST 
AND Second Strimes. 


First Strike. 

Using syrup» mixing if necessary, the evaporator syrup with molasses of 
60* purity to reach a final purity of giving a strike of the said purity 

whkb is boiled to 92* Brix. 


Raw sugar 

either pol. 96*6* or 98* 


Molasses 
purity 60* 


Second Strike. 

Using the same kind of syrup as for the first strike and all the first molasses* 
giving a massecuite of 70* purity and 96* Brix. 


I 


Raw FUgar 

either pol. 66*6* or 98* 


Molasses 
purity 46* 


^ Third Strike. 

Using syrup as seed and all the second molasses, giving a maasecuite o 
60* purity and 98* Brix. * 

I 


Molasses sugar returned to the 
crystallisers in \ridch the first 
and second strikes are stirred* 


Final molasses 
purity 30-32* 
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II. —Scheme fok turning out one Grade of Kaw Sugar, all Second and 
Third Sugars beiko returned to the Vacuum Pan as Seed. 

Fitti Strike, 

Using evaporator syrup mixed with the secotfd and third crop sugars, 
giving a strike of 86-80^ purity which is bdled to 91^^ Brix. 



Raw Sugar Molasses 

pol. 98* D.S. 10 /20. purity 7(>-76* 

I 

Second Strike, . 

Brix W-96’; purity 70-76* ‘ 



Molasses sugar Molasses 

returned to first strike. purity 46-50* 

Third Strike 
Brix 88-09*: purity 60* 

I 

I 

i 

Molasses sugar 

also retomed to the first strike. 



Waste molasses 
purity about 32^ 
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III.— SCHBUE FOR TURNING OUT ONE GraDB OF RaW SUGAR, WITH pARHAL 
Return op Thjkd Sugar into the Vacuum Pan. 

FirU Striki, 

Using synip mixed with part ol the third sugar giving a strike of 86-00^ 
purity and 91-93^ Brix. 


Raw sugar. Molasses 

purity 70-75^. boiled to grain 
and mixed with so much of 
the second molasses as necessary 
to make up a strike of 76* 
purity. 


S0cond Strike 
Purity 76* Brix 96* 


MoJasses 

purity 60-66*. Part of it 
is added to the first mdatsei 
forming a new Focond strike, the 
rest is boiled " string^proof ** 
and cooled ovc*r a Img period. 

Third SHks. 

Purity 60-66* 


Molasses sugar 
to be returned to the 
vacuum pan as seed. 


* Raw sugar. 


Final molasses 
purity 30-62* 



|V*-^Ck)mposition of Commercial C^e Sugars 

Commerdal BaiU of PiTmont-^The bulk of cane sugars are '"raws'* 
destined for refining; they are either sold on the basis of polarization, or on 
the ** net analysis/* In the former case, the polariscope reading is stated 
without any correction for local temperature. The net analysis *' is found 
by subtracting the percentage of glucose (reducing sugar) and five times the 
percentage of ash from the polarization. 

In many countries the duties on cane sugar are levied on a combined baris 
of polaiizatioD and colour. 

Dateh Standard* —The Dutch Standard (D.S.) consists of a series of samples 
of cane sugar, ranging from a very dark No. 7 to an almost white product No. 
U. They are prepared every year by two firms in Holland under the super¬ 
vision of the Netherlands Trading Society (Nedcrlandsche Handel Maat- 
schappij) in sealed sample bottles, which are sent to the vahons merchants and 
Customs depdts. As these grades serve as standards for the dlfierent classes 
of sugar on which taxes arc levied, it is important that sugar merchants should 
know exactly to which class the sugar belongs that they want to import; 
and, therefore, the sets of samples comprising the Dutch Standard are daily 
used for comparison in many countries which export cane sugar. 

Colour of Sugar an Indleatioo of Its Qualttj.— Although bolour is not a 
criterion of the quality of a sugar, every number of the Dutch Standard (between 
11 and 17) corresponds to a certain composition. The analyses erf the high- 
grade sugars do not difier much from that of pure sucrose, the difference being 
mainly one of colour, rather than of composition. On the other band, the 
differences in composition of the dark sugars may be so considerable that 
all relation between colour and analysis disappears. The average anal 3 rses of 
sugars between Nos. 11 and 17 D.S. are as fdlows 


Anslyaif. 

Sit. n. 

Ko. IS. 

Ho. la. 

4 

No. 14. 

Ho. 10. 

Ho. 10. 

■ II ■■ % 

Ho. 17. 

Polarintion 

1 

96*10 

96-50 

9710 

97-70 j 

98-30 

98-70 

99-0 

Reducing Sugar .. 

1*48 

1*42 

Ml 

0-92 i 

0-56 

0-32 


Ash 

! 0-60 

0-38 

0-34 

0-27 

0-23 

0-14 

0-08 

Moisture .. 

0*82 

0-80 

0 82 

0-50 

0-38 

0-32 


Uudetennined* .. 

MO 

■n 

0-63 

0-«l 

0-59 

002 

0-47 

Total 

' ) 

100*00 


100-00 

lOOOO 

100-00 

100-00 

L 

100-00 

Nett .. 

1 

; 92;12 1 

' 1 

1 

■ 

94-43 

1 

96-60 

■ 

98-4 


* Tte t—txntw wfakS Umm wAlrm H'n k 21* C., «r I* C. Uiinj>nfw M vSica tft* 

f okfW ii fw k TWkwi Wt pnlifitatica b •bout I X Se02 • 0*2$ tbta tbt iwi t muKm mmttak, 

•ad ooBm^ttmOy ^ ** vSvtnted'b MoUgb Iff thitmont. 
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cq^posmoN of commercial cane sugars see 

Cotoor of tko ftystaL—The colour of a sugar is only partly doe to adhering 
molasses, being also due to impurities incorp^ated within the crystals, sucrose 
being one of those substances which possess this property of embodying colour- 
ing matters, etc. Von Lippmann* mentions that crystals of sucrose can 
incorporate logwood extract hnd congo red. and reports that the colouring 
matter in sugar candy is absorbed through the crystals. Further. crystaUi- 
nations of metallic compounds with sugar arc familiar, and then we know that 
mere traces of iron compounds and of caramel impart a dark tint to sucrose 
crystals formed in such solutions^ 

Coloration of Sugar by Iron Salts.—Bastidef mentions a case of yellow* 
coloured sugar obtained from syrup which had been filtered over sand con¬ 
taining iron. Stollc studied the solubility of iron hydroxide in sugar solution, 
and stated that, notwithstanding the fact that ferric hydroxide, ferric oxide, 
fertous oxide, and ferrous sulphide arc very slightly soluble, a.s shown in the table 
undemeatli, yet these trifiing quantities were more Uian sufficient to impart 
a yellow colour to the sucrose folution. with the exception of the solution 
containing iron oxide, which was coloured red. 

The figures given here represent milligrams per litre. 


e 

Per cent. 
Sucrose. 

ppmf hy»lroxide 
FS| (OH), 

FfTtic oxide KcrrciBO-fcrric oxide 

1 Fi, 0, Fl, O. 

Ferrous Aulpbide 
Fa 5 

ITS* 

; 46* 

TS* 

[ 17-S* 

4S* 

7S* i 17-S* 


76- 

I7«5* 

45^ 

j 75* 

10 

3*4 1 

3-4 

S*1 

i~4"| 

' S-0 

— ' 10*3 

10-8 

13 4 

3-8 

.'^^1 

S3 

ao 

S-3 

8*7 

j 3*8 

1'4! 

1 

1S 4 ' 

10*3 

1S*4 


1*8 

7'» 

SO 

1 

ss 

1-9 

' 3*4 

: 1 

' 0-6 

1 

1 ‘‘‘l 

— ; 14-6 

10-3 

15*6 

00 > 

19-8 

ar 

91 


Herzfeld* repeatedly ascribed a greyish tint of the su^ar to the presence of 
an iron compound, which remained dissolved in the juice owing to defective 
clarificatioii. In bygone years, the author rememl)ers seeing beetroot second 
fffoducts, that had assumed a greeni^ or dark brown tint, which examination 
proved to be due to an iron compound. 

A number of first massecuites and first sugars were an^ysed at the com¬ 
mencement of a grinding season, and later oi^a number of similar products 
were again analysed after^ the rust in the pipes and tanks had been washed 
away, so that the juice dissolved less iron compounds than during the first 
few days. , 

* • ** Oto Cb««M (kt 2aekttitft«a/’ il.. 1062. 
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The above figures r e pr e s e nt millignuns of iron in 100 gfnis. of sugar, 
massecuites. and mother-iiqxm in the latter. The figures I. and II. refer 
to samples taken at the beginning and middle of the grinding season respectively. 

i 

Although the percentages of iron are very trifling, we see that the masse* 
cuitM and sugars omtain more iron at the commencement of each season than 
afterwards. The highest figure was 35 rngims. per iOO grms. «of sugar, and in 
this case the colour was deep brown and the taste ve^ metaUic. A sugar 
solution mixed on purpose with iron dtrate or with caramd and iron saccharate. 
after evaporation and crystallization, yidded an almost black sugar, having a 
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very pronounced metallic taste, and cmtaioing not kss than 100 mgyns. of 
iron per 100 grms. 


Definition of flnt and Seeoiid Sugars. —Merchants often require a strict 
d<liniti<>n of first ami seconds, and in fi»rmer yeais this disiinciion was i^usiJy 
made. Firsts were obtained directly from synip, and seconds were obtained 
by the concentration and during of the molasses. At the present day. molasses 
b^lfd to grain yield.'t a product which cannot be distinguished from a finely 
grained first product; and, on the other hand, a mixture erf syrup and molasses 
boiled smooth produces a product which closely resembles second sugar, so 
that a distinction is difficult, if not impossible. It has been suggested that the 
smell is a good characteristic of second sugar, but it is evident that this indica¬ 
tion is much too uncertain to decide wbetJier a given parcel of s\igar is really 
firsts or seconds. 


PolarliatlOQ of Commerelal Raws.— Whereas In former years a great 
number of assortments of raw cane sugar were encountered in trade, we find 
in these days chiefly two lands of refining crystals. vU.. those sold on a basis 
of 96^ and 98? polarisation respectively. 

Th^ enormous importation of raw cane sugars into the United States almost 
exclusively consists (rf the former assortment, as is clearly shown by the average 
polarization of the samples analysed in the New York Sugar Trade Laboratory 
throughout the diiicrcnt years of its existence. 




^*car. 

» 
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lampleft. 

Average 

p<4ariiation. 

1908 

8,973 

94-83 

1909 

9.635 

94-68 

1910 

16.069 

96-19 

1911 

15.646 

94-08 

1912 1 

16.127 

96-02 

191S 1 

17.063 

96-71 

1914 

17.634 

96-16 

1916 

19.924 

e 

95-04 


Yrar. 

1 1 

Number of | 

samr^cfi. 

Awrage 

polarisation. 

1916 

22,334 

96 30 

1917 

! 21.562 

05-71 

1918 

i 16.283 

96-41 

1919 

19.211 

95-66 

1920 

, 19.666 

06-09 

1921 

15.147 


1922 

22.166 

96-48 

1962 

! 16.921 

! 

95-98 


The following ^ble gives a distribution according to the grade of the 
samples. 
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% 

PolarisatioD. 

f 1 

; (rnde per cent. ; 

PoUritttioQ. 

j (*rmde per cent. 

99-100 

1 

91-92 

1 0-254 

98-90 1 

1 0-053 

1 

90-91 

: 0*112 

97-98 

5-567 j 

89-90 

1 0*04! 

96-97 

52*923 1 

88-89 

1 0-024 

95-06 

31*931 j 

1 87-8& 

0*024 

94-95 i 

6*660 i 

1 86-87 

0-047 

93-94 

1*637 1 

85-86 

0-041 

92-93 

1 

0-656 1 

1 

84-85 

1 

1 

0-030 

1 


The sugars polarizing between 96"* and 97^ comprised 52*92 per cent, ot 
all samples, whereas during the ten years previous this percentage had varied 
from 33*03 to 40*31. and averaged only 35K)9. The percentage of samples 
between 95* and 96* polarization was about nermal. but that of samples between 
90* and 95* showed the low record figure of 9*32. .Sugars polarising less than 
90* amounted to only 0*21 per cent, of the total, while the number polarizing 
above 97 * was about normaL It would appear from these results that, generally, 
the grade of raw sugars has improved, that they have been drie/, and that little 
deteriorated sugar was received in 1923. One reason for this condition probably 
was the fact that about one*half of all the sugars was landed between*MaKh 
and June and that little sugar was stored ior any length of time. Low-grade 
molasses sugars and mats seem to have practically disappeared. 


The average polarization of the Java sugar of both chief assortments of 
raws has been as follows 
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Rtflnlof Qiutttj.—Although pobmation is the standard by which payment 
is effected, yet it fails to yield a fall insight into the refining quality of the raws. 
It has been observed in the refineries that there exists a great difference between 
the filtration rates of solutions made from raws of different origin. While 
some sugars gave clairces (liquors) filtering with great rapidity, others were 
very sluggish in this respect and took a very long time to gi^t through the 
filters. Generally, an uncommonly large amount of *'gum'' was believed 
to be the reason for this occurrence, while other authors believed a large amount 
of cuah*cush or bagaciUo accounted for the phenomenon. That indeed some 
raw sugars contain not incon&derable amounts of fine bagasse is demonstrated 
by Hardin*, who showed that in about one hundred samples of Cuban sugars, 
picked at random, the average percentage of insoluble matter was 0*094 per 
cent., consisting of cane fibre, bme, rust, scale, and earth. 


Direct analysis of the ins^ublc matter gave the following a*sults 
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Smith* showed that actually the ''filtrability'' depends on the content of 
suspended matter, and not on the presence of gums. The gums he found in a 
filtered solution were as plentiful as In the unftltered liquid, and yet its filtration 
characteristics were decidedly changed. Neither was bagaciUo found to be the 
disturbing factor, since, when in an experiment 25 times the normal amount 
of bagaciUo was added and digested with lime at an alkalinity of 0*026 grams 
CaO per lOOc.c. for one and a half hours at a temperature of 35^ C, the filtration 
rate of the refined sugar was actually increased mofe than 10 per cent, in three 
tests. It seemed probable that the bagaciOo acted in a mechanical way as a 
filter-aid to increase the filtration rate of the refined sugar solution, so that it 
would not be responsible for the low filtrability erf raw sugar containing fine 
cane fibre. 

It appeared that the matter retarding filtration was nothing else than 
cane wax in suspension, which had come fn)m iho rind of the cane and had 
either not hwn eliminated by defecation, or been redissolvcd again from the mud 
by steaming and excessive washing and re-introduction of the sweet-waters. 

9 

Seoondary Kindt of CommereUl Sugar. —Besides the two assortments of 
raws referred to above, the cane sugar industry turns out all kinds of sugars 
fit for direct consumption, among which may be mentioned the superior first 
and soft sugars of Java, the plantati^ whites and yellows of Louisiana, the 
vesou sugars of Mauritius, the Demerara crystals of British Guiana, the grocery 
sugars of Barbados, and other islands, the panela, dclce, gur, rob and further 
denominations of that class tenned concrete sugars,^' etc., etc. Since, 
huwever, this work solely treats on the manufacture of raw sugar by modem 
methods, we sliall abstain from going into details of the properties and 
characteristics of these other assortments, and confine ourselves to merely 
mentioning their names. 


V.—Preservation of Sugar during Storage and Transport 

As sugar must be of good quality, not only when shipped but also when it 
reaches the consignee, care must be taken to prevent deterioration before 
delivery. • 

• 

Deerease In PoUiintlon.— As r^^ards decrease in polansati^, this may be 
either very rapid and limited, or slow but continoous. In Java a difference 
in polarisation has many a time been noticed between the date wlien the 
sugar left the factory and that of its arrival at port a ^:ouple of days later. 


• PmMdioo of 4Sre ttetlAC oi tbi IbviiaB PUatM* 
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The difierence sometimes amounted to about one per cent, and did not sub* 
sequently increase, but actually deaeased in many cases. 

The buyers insisted upon a very dry sugar, and stipulated that sugar 
polarizing under 96*5^ was liable to heavy penalties. Each parcel of sugar was 
analysed before packing (as it feft the d^er) in order to be quite sure that no 
single basket of sugar polarued below the limit of 96 5^. Notwithstanding 
these precautions, the samples taken from the baskets on their arrival at the 
shipping port repeatedly sliowed a lower polarization than those taken at the 
factory, and consequently the manufacturer sometimes had to incur the loss. 
These differences gave rise to complaints from the <wners of the factories to their 
managers, ahdthese latter on their pnrt.complaincii against the sugar merchant 
and his clerks that they had not paid sulhcient attention to thi' sampling, but 
had left tliis work to ignorant coolu^s, clc. As muUier side could adduce 
proofs, the dispute frequently ended in suspicion, or even in dismissals. 

In one iastance. the polarization at the sliip^nng |>ort was 0*8 per cent, lower 
than when the same sample was tested at the factorj* three days previously, 
and the same difference occurred throughout the whole grin<ling season. lUit» 
on arrival in America, the sugar showed the same polari7;ition u.s ut the factory, 
proving that there had been no inversion or other deconipositon of the sucrose. 
However, until this proof was received in Java, it was very naturally concluded 
that the sugar l^d deteriorated after leaving the factory, but whether clue to 
inversion, absorption of moisture, or actual decomposition, it Wiis impossible 
to say, because only the polarization had been determined at the two places. 
As all {hese sugars contained rather high piTcentages of reducing sugars it 
seemed not improbable that some glucose might have crystallized out along 
with the sucrose, giving a bi*rotation which would falsify the direct polarisation. 
This explanation was disproved by the rimiJarity in the ratio of itsli to reducing 
sugars as determined in the finished sugar and in the niolassi^ separated from 
it: also by obtaining the same polarizalicni in hot and cold solutions, whereby 
any possible bi-rotation was eliminated. 

As a detailed analysis of these sugars was not made iinniediately after 
drying, their subsequent examination was not carricni obt. but the fact that 
the original polarization decreased after only three days, that such decrease 
did not continue after that period, but, on the contrary, disappeared entirely, 
coupled vnUi the fact that these sugars contained much reducing sugar, led 
to the following* h 3 q>othesis 

The crystals under consideration are coated with a layer of artificially dried 
molasses containing mudi reducing sugar, and aro.*conscqucntly, very hygros* 
copic. The sugar is packed on an estate situate in a dry district of the island, 
and its original polarizatioh therefore represents welhdried sugar. This is then 
forwarded to the shipping port where the atmosphere is generally much more 
moist than at tSe inland factory. The sample of sugar taken from the bags at 
once absorbs moistuA and shows a lower polarization than at the factory, while 
the great bulk of the sugar (protected by the bags) retains its original polarixa* 
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tion. ’‘This sugar ultimately arrives in a couiitry having a more temperate 
climate and a drier atmosphere, and when another sample is taken from tiie 
bags this docs not absorb sufficient moisture to influence the polarisation, which 
now strictly represents the bulk, and consequently agrees with the original 
polarization. The sugar in bulk does not change, but the sample taken for 
testing absorbs more moisture in a damp climate than in a dry one, and thus 
gives rise to the differences observed. 

t 

Bffect of Inversion and Fermentatloii*—A much more serious deterioration 
during storage and transport is duo to absorption of moisture and inversion or 
fermentation. It is evident that neither inversion nor fermentation are 
possible unless the sugar be moist, but whether the sugar was originaUy moist, 
or has become so by absorption of moisture from the atmosphere is a matter 
of indifference. 

The fate of enormous quantities of raw sugar held up in the warehouse of 
Cuba and Java during the great war proved much more clearly than investi 
gallons made with small parcels that all defloration started with absorption 
^ mature and proceeded at a steadily increasing, late. 

Causes of Deterloratloit—This detcrimtion initiated by absorption of 
moisture is due to inversion by fungi and yeasts. Water alone cannot invert 
at the temperatures which prevail in the sugar warehouses, otherwise sterilized 
sucrose solutions would be rapidly inverted, which they are not. Neither can 
fungi attack dry sugar, but when both causes co-operate, >.r., when fungi or 
yeasts contaminate moist sugar, inversion proceeds very rapidly; the newly- 
formed invert sugar attracts more moisture with the result that a syrupy 
solution of inverted sugar oozes from the baskets and bags. 


The analysis of such a syrupy liquid gave these figures: 


Polarization . 9*80 

Reducing Sugar. 46-00 

Ash '. 0-95 

Brix . 75*4 


from wbicli the following compositim may be calculated 


Per cent. 

Sucrose .« . . • .. 25 

Reducing sugar* . •, «• * • »• •. 48 

Ash . I 

Water .' .. 26 

Undetennined. ^ 1 


This shows much inveraico ; the sugar itself has also decreased im 
polarization. 
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AtfOD of IDM-orpnlsmt.—Tbc best proof that deterioration is bfbught 
about by the simdtaAeous presence of wat^ and mkro-organjsnbi is furnished 
by an experiment in wl^ portions of dry and of moist su^ (some d which 
were sterilised and others not), with ^eces d the packing were 

preserved in tubes over a icog period. Every month one lube out of each 
set was opened and the amtents analysed. Willi a view to a^ciTtaioing 
whether an alkaline reacboo of the sugar might f»vvent inversion, one sample 
of sterile and me d unsterih; siugar were mwleDed witlj a two per cent, sodium 
carbonate solution. 



This experiment proves that dry sugar, even when contaminated with germs, 
remains unchanged, but unsterilizcd sugar in a mdsX condition is at once 
attacked and partly inverted by the germs, though the original reaction be 
neutral. Sugar in which the micro-organisms have been killed as far as possible 
(^bgar cannot be completely sterilised at high temperature without becoming 
decomposed), also deteriorates, but by no means so quickly as when un.sterilixed. 
Alkalinity of the sugar is not a sufficient protection against inversion. Even 
when the reaction is still stron^y alkaline (0*2 per cent, d sodium carbonate) 
inversion proceeds slowly, but as soon as thh is neutralized (either by acids 
fonned through the action d the fungi from the glucose), there is no difierence 
be tw e en neutral and alkaline sogan in this respect. Kamcriing* showed that 
sugar coming out d the dryer is jxactically sterile, and that the source d 
infection is to be souglit in the manipulations during packing and in thepadung 
material itself. Ind^. numerous germs cling to the bags in wtkb the sugar is 
puked, including those dganisms which feed on sugar and invert it 

This Utter faict has been observed as far back as Wi by Senurier, who 
ascribed the formatiM of a moist Uyer d inverted sugar agaiiut the rides d the 


♦ -AnhW 


"kSD. 121 













































278 


CURING AND FINISHING 


bask^ arriving in Amsterdam, to the influence of the mats in which the sugar 
was packed. This portion of the sugar contained 7 to 10 per cent, of reducing 
sugar, while that in the centre contained not more than one per cent. The 
fact that the mixed sugar contained only per cent, of reducing sugar proves 
that the amount of damaged sugar was inconsiderable and that the inversion 
had, therefore, confined itself to the outer layers. 

MlortKorganUms which cause Detericration*—Among the micro-organisms 
which cause deterioration, Maxwell* mentions the organisms of the butyric 
and lactic acid fi^mentations. while Storey ascribes it to fungi, especially the 
PeniciUiutH glauctm, Kamerlingt found in dried sugar chiefly a fungus flora 
n^Iatcd to PeniciUium (over 2U varieties were observed, and not less than 
bidongc’d to the group Sierigmaiocytes, AspergiUns, PenictUium and Ciiromyces), 
After the sugar has Income very moist, the yeasts predominate, and among 
these are Saccharomyces, TotuU, Monilia, &c., which invert sugar strongly, 
so that during the course of deterioration of raw sugar, the first attack is made 
by fungi, and after inversion and absorption of moisture have commenced, 
they arc superseded by yeasts wliich play the principal part in the detorioration. 

Greig-Smith and StcelJ ascribed it to a badllus which they called Bofillus 
levaniformans, and Noel Dccrr and NorrisH report having found five different 
species of bacteria, none of which could positively be identified avith the Bacillus 
levanifonnans. 

Sch0ne§ empha.si7,ed the importance of moulds and toruhe in inversion 
and noted the presence of PenictUia, especially P. glaucum and Mucor. He 
found that considerable acidity was developed in sugar solutions inoculated 
with pure cultures of some of these organisms. In another connection be 
notes the isolation of PeniciUium and Rhizepus. 

Scott^ observed the fungi on the surface of .sugar solutions, noting 
PeniciUia and AspergiUi. He found that sugars were attacked by these 
organisms in the following descending order: Low Brazilian. Peruvialt, 
Jamaican and Javanese. The inverting power was noted and precautions 
advised against infection. 

Amonstt isolated by plating on synthetic agar icfasAspergUli, iyfoPeniciUue 
and a Rhizopus. Mycelial threads observed in moist sugars were identified aa 
indicating the presence of P. glaucum in an active form. The dcteiioratioQ 
of sugar by this fungus was d^'monstrated by inoculating sugar (sterilized with 
absolute alcohol) with spores and comparing the absorption of moisture (from 
a saturated sterile sugar solatia under a bell |ar) with a sterile check. It was 
found that the sterile sugar absorbed no moisture after tbirty-three days, 
wliile the inoculated sugars absorbed a considerable amount <ji water. This 

* " to«l«UA« PkoUr.** ISM, IM. t ** Aithkf «oer dt i«va S«iluftodistMt," IfW. 

t Ifil. Suor 44a I ** IM. 
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is interpreted as signifying an appreciable fungus growth which inveijed the 
sucrose, the hygroscopic reducing sugars being responsible for this ateorption 
of moisture. 

In his mycological observations Browne* isolated and studied the inverting 
power of Tcrula and two Monilta (named nigra and " fiisca respectively). 
The presence of fungi such as PeniciUia was noted and their posable importance 
emphadzed. Some interesting points are made with regard to sources of 
infection and consequent prevention d deterioration of raw cane sugars. 

Owenf after an exhaustive survey of the activities of bacteria and tonihe 
investigated the rdle played by moulds in sugar deterioration. From a large 
variety of Louisiana sugars he isolated a numbiT of AspergiUi and studied their 
activity in pure culture in sugar solutions of high concentration. 

In an interesting group of experiments concerned with the conditions 
limiting the respective activities of the three groups of micro-organu^ms in 
sugars, Owen found that a fungus inoculation caused marked deterioration 
in a 60^ Brix solution, which proved to be of too great a density for the activity 
of either bacteria or torukr, latter two groups inverting sperose at 62* 
and 64* Brix respectively as the upper Omits. He regards the fungi as con« 
stituting the most dangerous group of micro-oiganisms in sugar because of their 
strong inverting power, their ability to exercise this power in highly concen¬ 
trated solutiortS of sucrose of varying rcactimi, and also on account of their 
ability to develop on media which arc very dcfictent in nutrients. 

Nieliolas and Lillian KopdoffJ isolated in a variety of media fungi from a 
wide range of cane sugars, belonging chiefly to the Aspo'giUi and PeniciUia. 
Aspergillus niger and a Blue Aspergillus occurred in practically all samples. 
A microscopic examination by these authors revealed fungus mycelium in 
some sugars. Sterilized sugars inoculated with pure cultures of ftmgi deteri<v 
rated rapidly when the moisture content was appreciable. Little, if any, 
^deterioration occurred when the mdsture content was reduced to a minimum. 
Tht fungus which appeared with greatest frequency in all sugars, the Blue 
Aspergillus, also had the greatest deteriorative power. ^ 

Although different investigators ascribe deterioration to different albeit 
kindred organisms, they all agree that some organism or other is the direct 
cause, but that the sugar must be mwt to allow of their growth and activity. 
A dry sugar be kept unaltered for a long time, while a moist one soon 
becomes inverted and falls of! in quality, owing to the activity of micro- 
organisms. , 

Prsveadag Betertontton.—There are therefore two methods of pret'enting 
deterioration during storage or transport. First, by eliminating the micro* 
organisms by sterilizing the packing material, and. second, by drying the sugar 

• *‘Lc«Mw4 PlMtv/' 1915. 211: “lit. Suftr Joml.'* 1915. 551. 
t "lanmnt AalMlfi.** Not. 125. 149, I5J wd 142. t fUd., No. 146. 
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and taking care that it does not re-abs^ mmstore, so that even if the tportt 
or gurms are present they cannot develop, and thus remain inoflensve. 


Dlslnteeted Fieklng Matariil.—KamerHng* found that disinfection of the 
packing material by means of a hot one per cent, solution of carbolic acid is 
sufficient to kill the germs of the destructive organisms, and suggested treating 
all the packing material with this disinfectant before bringing it into contact 
with the sugar. 

Wishing to test this point, the author requested the Director <d the 
Netherlan^ Indies Agricultural Society (Nederlandsch lodische Landbouw 
Haatschappij) to induce the managers of all the factories belonging to that 
Company to pack the same kind of sugar in both disiniected and non-disinfected 
material, to allow one package of every kind to stand over for one year and 
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97-17 97*11 
97-56 95*93 
97-91 95-99 


Avnf* 97-20 97*62 






XVI- 97* 
XVI. 96*70 

xva - 

XIX. — 


Kvntm 96 


97-94 

98*90 



« 4 

XVI. 97-20 ft-n 96-27 1-51 

XVI. 96*76 91-90 96-44 2*46 

XVll. 99-30 99*30 95417 eO 

97*a 97*79 95*91 HI 


90*10 


2 I 244 04S 
2-27 149 
9*35 345 
2*60 145 


1-77 
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to flend i sample at the mixed contents of every package to the Experifnental 
Station. The mats, baskets, and bags were dipped in a hot one per cent, 
carbolic add solution and dried, after which they were used for packing the 
sugar. 

During the period of storing, the decrease in polarisation was caused by 
absorption of moisture quite as much as by inversion, consequently the first- 
mentioned factor has eliminated in the above tables by calculating the 
polarisation and reducing sugar on 100 parts of dry substance, leaving the 
difference due solely to the action the inversion. We notice that the sugar 
in the disinfected packing material was also partially inverted, but to a less 
extent than in the unsterilised bags, and that thb was the case with bags as 
well asNrith baskets. 

XmpenzieaUe Paekliig MateriaL— As it appeared that disinfection was not 
suffident to protect the sugar against micro-organisms, and since the bags and 
baskets usually employed did not prevent absorption erf moisture, the following 
experiments were made by paclong the. sugar in an impermeable material. 

Sugar, which had already attracted some moisture from the atmosphere, was 
packed in bags lined with waxed paper, and placed in a warehouse together with 
the ordinary bggs filled with the same sugar, which latter served as a check. 
The analyses at the commencement, and after some time, were as shown on 
page 2B2. 

A second experiment was carried out with bags lined with paper rendered 
impermeable by immersion in a rubber solutimi. The bags were filled on 
August 12th. and analysed on the 12th of October. December, and February, 
with these results 



August Itth. 

October IStb. 

December 12th. 
1 

February lSth« 

Polariaation 

97*80 

9710 

96*10 

96.0 

Redudng Sugar 

0-82 

0*98 

1*65 

2-05 

Ash. 

0*81 

0-30 

0*31 

0-30 

Water 

0*62 

0*78 

M8 

1 84 

Undetermined 

0*65 

0*84 

0*76 

1-31 

Nett. 

05*43 

94 *62. 

92*90 

91-45 


The lined bags retained the syrupy liquid which gradually collected 
b et wee n the sugar oyttals. and the bap were externally dean, whereas the 
mriinary bags damp and sticky from the sweating of the contents, but 
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Analysis. 

Single Bag. 

Bags Lined 
with This 
Wucetl Paper. 

BagF Lined 
with Thich 
Waxed Paper. 

Ai tkf beginning. 




Polarization 

9C-70 

96-70 

96-70 

Reducing sugar . 

1-48 

1 48 

, 1 48 

Ash. 

1 

! .0-48 

( 0-46 

0-46 

Water . 

1 

1 0-73 

0-73 

0-73 

Undetermined . 

0-64 

0-04 

0-64 

Total . 

1 

100-00 

100-00 

100-00 

Nett . 

02 07 

92-97 

92-97 

A/Ur 2} monlks. 

1 

96-db 

1 

1 

1 

Polarization 

96-00 

96-10 

Reducing sugar . 

1-48 

1 48 

1-46 


0-46 

0-46 

0-46 

Water . 

2-12 


2-12 

Undetermined . 

0-96 

Bl 

0-88 

Total . 

• 

100-00 

100-00 

100-00 

Nett . 

91-27 

91-27 

91-30 

After monihs. 

Polarization . 

88*60 

86-70 

90-10 

Reducing Sugar . 

2*84 

2-84 

2-32 

Ash.■ 

0*48 

0-47 

0-48 

Water . 

3-91 

6-17 

3-14 

Undetermined 

1 

4 17 

4-82 

3-96 

Total . 

< 

100-00 

100-00 

100-00 

Nett .. .. * .. 

1 

63-36 

81-61 

1 

85-68 
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did not hinder the free pas&age of gases and vapours. The sugar atthicted 
moisture from the atmosphere both in the Hned and unlined bags and after* 
wards became inverted in the same manner, to the same degree, and in the same 
period of time. 

Keeping Sugar Dry.— It being impossible to modify the packing material 
80 that the absorption of moisture and development of micro^ganisms may 
be prevented, the only allemative is to deliver the sugar dry and to store it 
in dry, well-constructed and ventilated stores. If this is feasible, the keeping 
power of the sugar is guaranteed, but if not, nothing will prevent it from 
absorbing moisture and deteriorating in the end. 

Sugar crystab are not hygroscopic, but the surrounding film of molasses is 
so, especially if dried artificially. In order to determine the hygrosbopic power 
at various temperatures and mensture conditions of the atmosphere, quantities 
of 100 grms. of difierent qualities of sugar were spread out in porcelain dishes 
and placed in a room the temperature and humidity of which could be regulated. 
The dishes were weighed sevend times each day and the temperature and 
humidity of the air recorded. 


ORIGIN AND ANALYSIS OP THS SUGARS, 


Ko. 

DuulyUuu «l tto Sac«n. 



A4b. 

W4l«. 

1- 

Refined riger from Europe. 




0*05 

a 

Suser over No. S5 D.S. frM a cerbouUtion betory' 

99>6 




a 

.. ,. defecatioQ .. 

99*56 



010 

4 

Refining Crystals. No. 14 D.S. 

98 1 

0*37 

0*17 

0*62 

^ ; 

^^0* D >1 

98*2 

0-48 


040 

e 

Refining crystals from a ouasecxiite d SO quotient 

97*8 

0*82 

0*31 

0*5I 

7 ; 

It It •• 79 ,, 

97-5 

087 


0*50 

4 

.1 .. mivd memeciiite 

97>5 

134 

0*20 , 

0*56 

9 

Molasses sugar from a maasecuite of 6t quotient . 

85*3 


1*27 

2*06 

10 

The seme bet very finely grained. 

84*8, 

mm 

1*67 

3*70 

11 

Pint sugar (cerbonatatim), No. 18 H.S. .. 

99*1 

0-37 

0*13 

0*14 

11 

No. 15 D.S. .. 

96*8 

0*62 

0*14 

0*32 

is 

.. (defecation} No. SO D.S. 

98*9 


0*14 

0*26 

14 

„ .. Ko. 18 D.S. .. 

98*4 

0*92 

0*16 

0*38 

15 

., .. No. 16 D.S. .. 

98*1 

0*71 

0*14 

0*56 

le 

Second sugar (earbonaiation) Na SO D.S. .. 

982 

0*54 

0*16 

0*68 

17 

„ (defecation) No. 18 D.S. .. 

95*2 

mSm 

0*16 

2 8S 

IS 

M tt No. 10 D.S. ,. ^ . 

* 915 

H 

0*91 

9 44 


Hie blowing tables contain the readings of dry and wet bulb tbemaometeis 
with the corre^nding values for absolute and relative humidity of the atmos* 
ftm, and the loss'oc increase in wdght of the sugars, taking their original 
wd^ts as 100. A decrease is shown by a minus sign. 
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a 
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ttiuaUUy. 

1. 

t 

3. • 

1 
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5. 

a 
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1 
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a 

ia 





2M }9\y 1 

10*» 

2S-2 

^9 

Iffl 

11 

5 

n 

■1 

0 

0 

5 

0 

■1 

0 

0 

#1 

9 $ 
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235 

154 


0 

Wa 
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04 

47 

04 

45 

43 

47 



5 

255 

235 

If*: 

n 

0 




04 

47 

47 

42 

43 

04 

2M 

1 

9$ 


240 

214 

IS4 


04 

04 


43 

14 


2*0 

04 

14 

24 

H 

9t 

12 

2S6 

244 

214 

u 

54 

42 

an 

43 

04 

14 

14 


14 

42 

u 


D 

2M 

cn 

194 

Bl 

03 

42 

41 

43 

«04 

14 

17 

14 

1-5 

42 

ZMh 


19 

24'! 

BTfl 

I4S 

55 

04 

52 

42 

45 

14 


34 

24 

3-4 

42 

IS 

M 

u 

274 

214 1 

191 

71 

0 

41 

42 

42 

14 

25 

34 

14 

34 

42 

M 

•• 

) 

26*6 

244 

214 

13 

0*2 

54 

03 

04 

14 

24 

34 

14 

34 

it 

e 


5 

250 

244 

ESj 

74 

04 

42 

-41 

42 

04 

^7 

2'0 

04 

3*5 

it 

25(k 

p4 


25'0 

234' 

\9-% 

79 

04 

42 


04 

14 

^2 

2*7 1 


35 

44 

H 

p$ 

10-S . 

n7 

234 

141 

59 1 

41 

0 

0 

42 

04 

14 

24 

0 

34 

41 

m 

$9 

1M 

11*1 

254 

204 

51 

0 

0 

•41 

0 

04 

14 

24 

0 

24 

34 


99 

) 

12-0 

254 

21-3 

55 

0 

0 

-41 

0 

04 

47 

24 

0 

24 

34 

N 

M 

S 

w:*g»i 

244 

197 

51 

0 

0 

-41 

5 

5 

47 

14 

0 

1*3 

24 

Mtb 

M 

75 


244 

20'5 

n 

0 

0 

-0-1 

5 

0 

05 

14 

0 

i T*1 

M 


M 

ir 

IS 

254 

204 

54 

0 

0 

•41 

•41 

5 

43 

14 

0 

mO 

ro 

M 

M 

5 

1 y\z 

254 

20*7 

51 ' 

0 

5 

-41 

-54 

-0*1 

42 

H 

•41 


14 




■ 

! Xbtnea$9m. 







; 7 ■ 

1 

1 





Wtl 

Mt. 

1 

AMD 

UfH. 

1 

i 

n 

• 

12 

IS 

M 

fS * 

15 

i; 

18 

SSth August 

a 

3 Si 

24*3 

21*0 

73 

0 

0 

0 

0 

0 

0 

’ 0 

0 

59 

M 

u 

80*3 

26-2 

20*7 

66 

0 

0 

0 

— 0*3 

— 0-2 


j— 0*3 

BTl 

if 

09 

1 

304 

20*4 

20*8 

63 

- 0*2 

— 0*1 

— 0*3 

— 0*3 

— 0*3 

BH 

,- 0‘8 

Bgl 

59 

19 

D 

306 

244 

20*7 

63 

— 0*2 

*- 0*3 

- 0*1 

— 0*4 

— 0*4 

BQ 

— 1*3 

—4)*8 

27 th 

9« 1 


f 7«2 

20*0 

20*2 

la 


0*3 

0*3 

0*2 

0*3 


— 1*2 

1*3 

If 

■' ! 

3 

30 - 11 

SO-S 

21*6 

Q 

— 0*1 

0*3 

0*1 

— 0*1 

- 47*2 


'— 2*6 

1*6 

05 

1 

n 

20 - 0 . 

24*6 

20*3 

19 

— 0*2 

0-2 

0*8 

— 0*2 

— 0*2 


- 2*3 

1*1 

tatb 

SI 

T1 

1 

30-0 ' 

23 *S 

20*3 

78 


0*7 

0*3 

0 

i ^ 


— 3*0 

3*1 

59 

54 

3 

30*0 

iTgl 

20*9 

64 

— 0*2 

0*3 

0*1 

—0*3 

— 0*3 



• SI 

to 

it 

7-5 

27*2 1 

24*4 


78 

0*6 

0*3 

0*1 

0 

0 


BS] 

id 


Of 

13 

87*2 

34 * 8 « 

21*8 

Bl 

0*3 

04 

0*3 

0 

0 

— 1*0 

^Qj 

3*8 

54 

1 

n 

27*4 


20*1 

81 

0*3 

0*6 

0*3 

0 

0 

- 1*0 

!—2*4 

1*8 

lOth 

It 

mM 



21*0 

86 

0-4 

0*8 

1*0 


0*6 

EQ 

— 1*1 

1 

6*3 

95 

50 

12 

27 0' 

23*41 

19*8 

74 

0*3 

06 

0-7 


0*2 

—06 

—1*6 

■n 

lilt 

51 

73 

1 

242 

34*0 

22*0 

87 

0*6 

0*8 1 

1 

1*0 


0*1 

— 0*5 

—M 

7*0 


When tbe experiment commenced, the sugars had already absorbed the fnQ 
amount of moisture corTesp(mding with tbe humidity aod temperature of the 
atmo^ihere at that time. 


The experiments indicate that pore sugar is zM>t hygioaooptc aod contaiu 
very little moisture, whereas sugar oystals coated with mdasM cu absecb 
a cooaderable amount of motstore and thereby favour the devd^ment d 
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micrcK)!^aniaas. The figares for decrease or increase in mc^ture content 
indicate that it is the relative rather than the absolute humidity of the air 
which influences the absorption of moisture. 

It should be remembered that the absolute humidity is the tension of the 
water vapour in the air expressed in mm. of mo’cury, while the relative humidity 
is the relation between that figure and the tension of the water vapour at that 
same temperature when the air is fully saturated with water. This latter is 
taken as a base, with the figure 100. 

It is, therefore, not the tension of the aqueous vapour which determines 
the absorption or evaporation of water but the degree of saturation of the 
atmosphere with water vapour, wbea^by a given sugar absorbs water and 
then gives it off again at different temperatures but with the same tension. 

The tables show that at temperatUTi's between 24^ and 83^ C.. refined sugar 
and very high-grade raw stigars absorb mature at a relative humidity of 80'and 
over, and give it off under that figure. The limit may be put down at 76''for 
white sugars,at 70* for refining crystals and molasses sugar,and between 70^ 
and 75* for seconds, according to their quality. It made no difference whether 
the refining crystals were dark coloured or light, finely or coarsely grained, made 
from pure syrup or from mixed syrup massecuitc and returned molasses. The 
only active condition Is the percentage of adhering molasses. 

Owen* investigated the degree of mmsture absorption of white plantation 
sugar under conditions prev^ng in the dimatc of Louisiana. 


Ow iy Ddi Ac4d. 



Total. 


I 24 
005 
■7 
S 
3 
1*50 
60 
1*75 
0*67 
2*45 
0-60 
1-60 
1*42 


* uouuft riMttr.** ina lxx., 4^ 
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Wdghcd portions of a great number of i^tfesentative samples were exposed 
on watch-glasses to water-vapour in a desiccator, placed in an incubator having 
a temperature of 30^ C. In one series the desiccator contained water, and in a 
second sulphuric acid of 25^ Brix or 15 per cent. 

In the first case the relative humidity was 100 and in the second 93^ 

The results arc sliown in the table on page 285, expressed in terms of the 
ratio of per cent, moisture increase of the .sample examined, to that of a 
sample of refiners' granulated, the latter being tak%n as unity. 

In the following table the results of the experiments are given in actual 
percentages of moisture absorbed and the results averaged. 




Over Water. 

Om 2)* ftii Sulftaiuk Aeld. 


8«nipl«. 


a 

44 br. 

72 te. 

46 tat. 

1 TiAMi 

24 hr. 

^9 

nhr. 

96 br. 

TeuL 

Refined 

• 4 

m 

2*23 


m 

9 

10*71 

■■ 

IQI 

8*25 

2*50 

9*62 

1 

, 4 




8*47 

14*78 

MS 


3*54 

3*63 

12 23 

i 

, 4 

wm 


- * 

: 6*14 

]2*2q 

2*K5 

1*62 

2*61 

2*43 

9*41 

3 

1 4 

3*93 


1 

»mT>a 

11*08 

2*95 

: 0*72 

1*78 

3*27 

8*72 

Refined 

* 

3*20 

280 


Hg 

11*18 

l*7o 

3*46 

4*86 

1*82 

11*83 

4 

• 

6*22 

3*05 

7*8 

■i 

16*97 


1 ^ 

— 


— 

S 


4*l<6 

3*U2 

•• 

700 

15*27 

7-15 

7*89 

2*77 

2*50 


0 

4 

0*13 

6*4K 


8*37 

22*98 

6*17 

3*«M1 

tl*37 

5*76 

IQQ 

Refined 


2 00 

TrOO 

— 

4*l>6 

11*24 

4*46 

6*09 

5*38 

2*85 


7 

4 

r»*ai 

2*74 


3*20 

12*75 

1*61 

MK 

1*35 

0*75 

VRI 

a 

4 

d*25 

6*20 


4*37 

16*91 

3*16 1 

1 *70 ' 


1*64 ' 


9 

1 

3*03 

3*39 

^ « 

4*20 

U*22 


1*01 


0*04 

4*19 

Refined 

1 

4*20 

4 70 

511 

4*12 

18*22 

■SI 

1*39 


1*83 

7*26 

10 

* 

lb32 

7*32 

6*32 

8*32 

33*28 

6*73 

3*94 


3*40 

17*83 

n 

• 


8*49 

202 

5*00 

23*96 

2*10 

1*24 

1*42 

1*07 

5*83 

12 

1 


600 

0*22 

4*62 

22*62 

1*42 

1*07 

2*25 

2*61 

7*36 

Refined 

• 

0-21 

7*<m 

4*01 

5*80 

23*19 

2*00 

2*10 

4*46 

2*96 

11*61 

13 

• 

6*«7 

0*40 

4'55 

5*00 

22*62 

3*25 

3*28 

6*33 

3*65 

ie*gi 

14 

4 

fil3 

507 

3Sl 

4-30 

18*70 

1*47 

1*20 

1*63 

0*88 

5*14 

16 

9 

3*4<1 


2*28 


14*37 

5*44 

3*23 

6*46 

4*34 

19*47 

Average 


4-8 

•4 08 

4*75 

mm 


3*5 

2*5 

8*19 

2*72 


Refined 

4 

3*04 

4*40 

4*70 



2*01 

1*87 

8*13 

1*97 



In studying the tables we find that the average ratio of moisture absorption 
of^all the samples of plantation sugars to that of the refined was I : 1*62 over 
water and 1 : 1*87 over M; st^phuric acid sedation. 

In both the series, the highest ratio was during the first, and the least during 
the third period. Wc find that in both series approximately one-third of the 
samples proved less hygmcopic than the standard granulated sample. 

It is evident that the moisture absorption of plantation granulated sugara 
is determined less by the minute quantities of non-sucr^ solids present than 
by the size of grain and more particularly by the uniionnity of grain and 
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l^esence of broken grain and sugar dust. We thus find that both raw white 
sugar will absorb moisture from the atmosphere as soon as they find an o|i|>or- 
tuoity to do so and that the packing materia) is unable to prevent this. The 
opportunity arises as soon as the sugar comes in contact with air containing 
over 7(h76 relative humidity ;at temperatures prevailing in the tropics. 


Faator of Safet^«-^TUc Colonial Sugar Refining Company of Australia has 
established a factor> which they caUed the "'factor of safety/' which sliows 
when there is danger of the deterioration of raw sugar during storage. The 
factor is based on the hypothesis that there is no such danger so long as the 
moisture content remains under half the amount of the non''Sucrose. This may 


be expressed by stating that when 


mensture 
100-pc4. 


^0*333, the sugar will not 


deteriorate. 

For the climate of Australia the critical moisture content for sugar of 
various polaruatioos would be^ 


Poterizatipn. 

■ 1 ~~ M ■ 1 

Critical moiature 
ctmtent. 

i'olanuition. 

Critical mointurc 
content. 

99*9 * 

0*032 

97-0 

0*98 

99*8 

0*066 

96*6 

1*04 

i89*6 

0*156 

96*0 

1*22 

99*3 

0 221 

95*6 

1*38 

99*0 

0*322 

96*0 

1*66 

98*6 

0*488 

94*6 

1*62 

98*0 


94*0 

1*88 

97*6 

i 

0*821 

88*0 

3*88 


Browne* showed that for Cuban and Porto Rican sugars the value 0*333 
is too hi{^ and puts it at 0*3. He found that sugars \nth a factor lying between 
0*313 and 0*346 deteriorate while others with a factor between 0*263 and 
0*289 do not. In other dimates the critical point is perhaps otherwise, and 
our observations made during a series of years in the hot and damp climate 
of Java showed as that temperature and humidity of the air in the warehouses 
in that idand are such that sugar may absorb m^sture even in well*ventilated 
rooms. * 

If such a period does not last too long and is followed by a dry spell in 
which the surplus may evaporate again, no great harm will be done, h°t if 
for some reason or other sugar is being st<md over a long period in a moist 
atfflOQ)here, the sugar in the bags at the outside of the piles becomes so moist 

• ** JmbmI Sm. Om. tea.” Iftl» toi. 
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that factor of safety is exceeded, after wfaicb the ubiquitoos fungi and 
yeasts start their work of destruction. 'The sugar becomes partly inverted^ 
and is then much more hygrosco^ than before, while a thick liquid containing 
in solution sucrose and inverted sugar is sooa observed trickling down the sides 
of the piles. 

In order to guarantee as far as possible the keeping quality of stored sugars, 
we should fuifU the following requirements: 

(*lariiication of the juice should be conducted in^sueb a manner that only 
very little cajie fibre or bagacillo can be detected in the raw sugar. 

During clarification, the cane juice should never be exposed for more than 
a very short while to alkaline reaction at elevated temperature. 

The sugar crystals should be uniform and of a reasonably large sue in order 
to prevent adhering molasses remaining in the product. 

The sugar should be bagged in a dry and cold state. 

Langguth Steuerwald* enumerates the points to be observed in the con« 
struction of storehouses in which sugar has to be kept during a lengthy period, 
as the preservation of the product greatly dep^ds on the more or less adequate 
design of the rooms in which it b being kept. If these are built in such a way 
that mobture cannot penetrate, either by the floor, the roof, or the walb, the 
excessive moisture from the atmosphere b very rapidly absorbed by the sugar, 
which establbhes a kind of equilibrium. The composittOQ of the sugar and the 
humidity of the air in the go-down " remain practically unchang^, save for 
slight oscillations as a consequence of changes in temperature. • 

Any amount of water-vapour, however, penetrating into the warehouse 
immediately disturbs the equilibrium, so tliat practically a similar quantity of 
water is absorbed by the sugar, owing to which fact the conditions for the 
destructive work of the micro-organisms are improved. 

Hence to preserve the stored sugar as far as possible it will be necessary 
to keep the degree of humidity low in the warehouses, and in order to be abb 
to do so, it is indbpensable to measure it. The feeling of dryness or mobtness 
in the warehouse b a very subjective factor and greatly dependent on the 
prevailing temperature! it b there fore advisable to place hygrometers inside 
and outside the storehouses, so that one can know vriien to ventilate the sugar, 
and when to keep the doors closed and exclude the free admission of mobt air. 

Finally, the points of COTtact between the sugar and the eventual sources 
of mobture should be reduced as far as possible by heaping up the bags in large 
and close piles at a convenient distance from the exterior waUs of the buildings. 


• ••UA. Sdcv JoofMl,*' 1911 S43. 



CHAPTER V 


EXHAUSTED MOLASSES 


I.—Definition and Formation of Molasses 

• 

Deflnlttoii,—On coring the fixAl massecuites, a synipy liquid is obtained, 
which, cm further concentration and coohog, does not ^ve any more cryatala, 
and bears the name of " exhausted mdasscs/* Although from it sugar can no 
longer be crystallked out, it always contains (ut conjunctitm with the accumu* 
lated iia purities originating from the clarified juice) a considerable amount of 
sucrose, which is therefore practically lost. This is due to the fact that the 
non-sughrs jnsent in the molasses prevent a certain percentage of sucrose 
from crystallizing out even if the concentration be pushed stiU farther. 


ImpottlbUliy of afoUlng Molanef.—Unless we succeed in removing from 
the juice everything but sucrose and water during clarification, uiiich is an 
impossiUlity, we are sure to find molasses at the end of every process of sugar 
Atraction: and systems which claim to make sugar without any molasses can, 
without any Airt^ investigation, be deemed unreliable.* The nature and 
G<mditions of molasses fonnatioo have for a long time hisn a point of dispute 
between different investigators, and even now the question is not yet definitely 
•settled, although unanimity exists as regards the principal pennts. 


^ The Moehaaleal Theory*— Formerly it was the general opizuon that sucrose 
jcould not crystallize from the final molasses because the non*saccharine con¬ 
stituents made the liquid so viscous at hi^ dbneentrations that the sucrose 
mdeciiles were prevented 4rom craibining into crystals, and were thus forced 
to remain in sdutkm. At first si^t. this cxidanation appears very plausible^ 

* Tto r-Tir-* ** ** k wwpOflc to CU» nh, m S tto wSok ol tS* 
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0 

but probability decreases if we remember that sucrose crystalliaes sbwly 
yet perfectly from very stiff jellies, and a sucrose crystal can be made to grow 
regularly when suspended in a solution of sugar in isinglass. 

Further, this theory is at variance with the fact that sugar crystallizes from 
an osmosed molasses (where the non^Eu^g viscous colloids are accumulated),. 
whereas, according to the theory, crystallization should have totally ceased* 

0 

Chemical Molasses Theory*—The so<alled mechanical theory " was soon 
abandoned, and the opinion was formed that the prevention of crystallization 
was due to chemical influences. A general idea prevailed that the sucrose 
combined with other constituents of the molasses to form very soluble bodies, 
so that the solubility of the sucrose and of the accompanying constituent was 
much greater tlian when both were present separately. 

Mutual Increase or Decrease of SolublUty between Suerose and Balts.'— 

According to Dubrunfaut, a solution of common salt dissolves more sucrose 
than the water contained in the solution would do, if it did not contain the salt. 
On the other hand, a saturated sucrose solution dissolves twice as much salt 
as the water contained in the solution would alone have done. Assuming that 
sucrose and sodium chloride enter into a very soluble combination, we can 
easily explain the formation of molasses; and if this simple conclusion from 
Dubmnfaut's experiment had been made sooner, it would have saved much 
misunderstand! ng. 

So-eailed Positive^ IndUlerenti and negative Holasses^fonners.—In beetroot 
molasses, the solubility of sucrose in the contained water is greater than in 
pure water at the same temperature, and as in former days beetroot molasses was 
the sole object of investigation, the idea arose that the solubility of sucrose is 
always higher than the normal in every molasses, and all theories and observe 
tions were based on that principle Whilst it was known that some salts 
increased (as was ther saying) the solubility of sucrose, and therefore possessed 
a iDolassigeni^. power, a great number of substances were tested as to their 
property of increasing or decreasing the solubility o{ sucrose in water, and 
thus deb^rmining thdr melassigenic power. Under the impression that the 
molasscs'fonning power was always identical with the increase in the soluWlit^ 
of sucrose, the different bodies were divided into positive, negative and indifids 
ent mola.vseS'formcrs, accoiding to the increase, decrease, or stabUitj of the 
solubility of sucrose in aqueous solution in the presence of those bodies. This 
division is still in great favour in most treatises knd publications, and the 
terms positive and n^aitve moUsses-farm^s are still widely used. It was, 
however, observed that some bodies proved to be negative itaolasses'lormeii 
in dilute concentrations, but positive in hi^ concentrations, and finally the 
subject led to a mass of misunderstandiiig and ccntrovesiy. 
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Staple OeaMnattOD o! Snerote and Balts.—The simplest cxplaaatios 
assumes that all salts, both organic and inorganic, combine with sucrose to 
form hydrated bodies, each having its own solubility. If we first consider 
the case where the solution contains as much sucrose and salt as possible, we 
observe two alternatives. Either the combination is very soluble in water, 
much salt and sucrose enters into solution, and we may call the salt a positive 
molasses^lormer; or the combination is only slightly soluble, the saturated 
solution therefore only coiltains relatively little salt and sucrose, and the salt 
thus belongs to the negative molasses-formers. 

Kfihler* showed that, in general, the solubility of sucrose in a solution of 
non*sugar, and also the solubility of the non-sugar in a sucrose solution, are 
mutually in such a relation that from either body as much is dissolved as it can 
dissolve of the other body, and that solutions containing .sucroH* and large 
quantities of non-sugar contain (with the same proportion of water), sometimes 
more and somctin^cs less sucrose than comtsponds with the solubility of pure 
sucrose in pure water. The most evident explanation is that, when present in 
an excess of both sucrose and salt, water can dissolve so much of both as 
corresponds with the solubility ot the new combination formed between the 
sucrose and the salt. According to that solubility, the water can dissolve 
more or less combined sucrose than if the salt had not been present and the 
sucrose had renamed in the uncombined state. 

Kohler investigated how much salt was dissolved at the temperature of 
31*25^ in 100 c.c. of pure water, and how much in 100 c.c. of a sucrose 
solution saturated at that same temperature, and finally how many grams 
of sucrose were contained in 100 c.c. of this salt solution. 


Name oi the Ssdu. 

1 

a 

GrmN. of So it 
in 100 c.c. oi 
pure water. 

oi Salt 
in 100 c.c. of 
Satunttccl 
Sucrose Solution. ' 

c»i 

Sucrose in 100 
cx. of the 

Salt Solution, 

Potassium Chloride 

38*2 

44*8 

246*6 

Potassium Carbonate .. 

85-9 

1064 * 

2664 

Potassium Acetate 

286-3 

2934 

3244 

Potasrium Gtrate 

169*7 

2190 

303 9 

Sodium Chloride 

35-9 

42*3 

236*3 

Sodium Carbonate 

22*0 

244 

229*2 

Sodium Acetate 

46*9 

67*3 

237-6 

Potassium Sulphate 

12*4 


2X9 0 

Potassium Nitrate 

474 

41-9 

224 7 

Sodium Sulphate 

* 45-4 

30-6 

, 

183 V 

Calcium Ac^ta 

364 

26-3 

190-3 

Calciuis Chloride 

88-5 

79-9 

135-1 

Magnerium Sulphate 

47-6 

36-0 

119-6 


• RSbamMAd..** 47. 441. 
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MQblUty of the CpmWiifcttoitt.—As, in every case, a decreased scdubiUty 
of the salt coincides with a lower solubility d the sucrose, it is evident that in 
every instance, where both the components occur in such large quantities 
that they can combine together to th^ fidl extent, the solubility ot the con« 
stituents is regulated by that of their combination, and no longer by that of ^he 
respective bodies in an uncombined state. In oumection with this point 
Dcgencr* found that the lowest solutalities oi salt and sucrose in solutions 
of these two in water correspond with the fonntils of NaCl + 4 Cu 
for the sodium chloride combination, and with CaG^ + 3 for the 

corresponding caldum chloride combination. 

SolnbUlty of Suerose,—In the case of one of the constituents being deficient, 
it is dear that no more of the combination is formed than correspond with the 
amount of that constituent, so that we can no longer find the solubility of the 
combination only, but have now to take into account the amount of the still 
uncombined portion of the other constituent. If it is the salt which is defideot, 
then there exists in the solution, besides the sucrose in combination, a certain 
amount of free sucrose, the solubility of which may not be neglected although 
it may be infiuunced by the presence of the combination. As these com¬ 
binations are hydrated bodies, we can suppose the solution to condst of free 
water, free sucrose, combined water and a sucrose-salt combination. If we 
wished to ascertain whether the presence of a salt infiuences the solubility 
of sucrose in water and in which direction, and with that object only took into 
account the total amount of sucrose and the total amount of water, we can easily 
imagine what highly varying results might accrue, according to the different 
proportions in which the four constituents mutually existed. 

When the amount of salt is small and that of sucrose considerable, only a 
little of the hydrated sucrose-salt combination will be formed, and very little 
free sucrose and free water will be withdrawn from the sdution but sufficient (6 
prevent the remaining free water from keeping all of the remaining free sucrose 
in solution, part of the latt^ crystallizing. We have, therefore, in the remam- 
ing portion of free water its full content of sucrose, and in the hydrate a Uttle 
combined sucrose, and if the sum of these two quantities happens to be smaller 
than corresponds with the figure for the solubility of sucrose in water, the 
total amount of sugar in the total amount of water is smaller than the normal 
solubility, and we should call it a negative molasses-former. When the amount 
of salt intTcascs, then of*coyrse the quantity of salt-sucrose combinatimi 
increases equally, until at the end all the sucrose has combined with salt, and 
we no longer have to deal with a solution of sucrose in a doertasing amount of 
free water, but only the solubility of a sucrose-salt combinatimi, which is, aj 
we saw before, always higher than that <rf the sucrose existing in it This 
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tiqdaiDS why in Herzfeld’s experiments* additions of small portions of non* 
sugar were apt to lower the solubility of the total sucrose in the total water, 
whereas larger portions increased it. 

Casas from Pnatioa.-*In pure juices and syrups we see instances of the 
former case; in these products the amount of the combination is far less than 
the free sucrose, and accctf^^ingly the solubility of the total suaose in the total 
water should be lower rather than higher than the normal figure. In the 
exhausted molasses, on the contrary, whicU IIk^ superfluous sucrose has 
been removed by successive crystallisations, and only the saturated sucrose* 
salt combination left, it depends solely on the degree of concentration of this 
strongly evaporated product how much sucrose is found on 100 parts of water. 
Id beetroot molasses, crystallised in large crystallizing tanks, this amount of 
water is generally such that the ratio of sucrose to water is greater than in a pure 
saturated sucrose solution, but, as we shall see later on, this is only a surmise ; it 
might also have been the reverse. But because beetroot molasses were studied 
almost exclusively, and in tliis substance the higher proportion was met with, 
the idea of supersaturated solutions has unconsciously taken root in the minds 
of all investigators who studied molasses and their formatiem, and they have 
always endeavoured to explain that supersaturation by the hypothesis of the 
presence cd substances which prevented crystallization. 


Deflation of an Ideal Molaset. —A short definition of molasses of an 
ideal molasses) according to the author’s theory is: A hyiraUi syrupy^lufuid 
9onMnaHm of sucrose and salS% 


After his experience tA beetroot molasses, he was struck by the much 
smaller ratio of sucrose to water in cane molassi's than ccxresponds with the 
^ubility of sucrose in water, instead of the higher one he had always been 
M to suppose. 


> 

Batio of Saaroie (o Water in Cans Molasses*- At the average Java tempera- 
turn Of about 2S^. one part ^ water can keep in s<rfution 2 *162 parts of sucrose, 
80 that if that solubility was not changed by the ptescfice of other bodies in the 
molasses, the polarization of a molasses with 25 per cent, of water should be 
6S*9. According to the following taUe of analyses of mother-liquors crystal- 
Uted in tanks, the ratio of sucrose to water is generally less than that of the 
two pure ingredients, and generally those containing the most glucose show 
the lowest >atio* 


• ZUimiU. KoScBsvektftod./' 4Z »St 
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w 

No. 

Dry Sub¬ 
stance. 

1 

Sucrose. 

R<-ducing 

Sugar. 

% 

A^h. 

Water. 

1 

Quotient 

of 

Purity. 

SuCToee 
on 100 
parts of 
water.* 

Ratio of 
Rod'etng 
Sugar 
to Asb. 

— ' • 1 

0 






100*00 

216*2 


1 

74*88 

59*20 

7*29 

6*07 

26*12 

79*06 

235*7 

1*20 

2 

74*29 

68*70 

9*97 

3*82 


, 79*01 

228*3 

RTS 

8 

82-88 

47*80 , 

mSEM 

6*66 


57*67 

270*2 


4 

74*69 

50*20 


4*35 


67-21 

108*3 

3*48 

6 

82*90 

43*70 

WSM 

6*00 

17*10 

62-17 

255*6 1 

2*43 

0 

72*23 

49*00 

16*52 

2*62 

27*77 

67-84 

176*4 

6*66 

7 

83*55 

47*90 

MM 

7*00 

16*45 

57*33 

291*2 

2-49 

8 

71*07 

42*90 

19*93 

3*00 

28-93 ; 

60*36 

148*3 

6*64 

9 

71*50 

43*10 

20*87 

3*39 

28*45 ' 

60*23 

161*5 

6*16 

10 

7710 

34*10 

23*00 

7*80 

: 22*90 1 

44*23 

148*9 


11 

71*40 

32*40 

1 23*00 


28*60 

40*38 

1 113*3 

4 42 

12 

76*80 

36*00 

26*30 

4*97 

^3*20 

48*05 

159*1 


13 

75*86 

30*90 

27*47 

6*37 

24*14 

40*73 

128-0 

! 431 

1 

14 

73*88 

; 32*90 

27*53 

3*72 

26*12 

44*53 

126-0 

' 7*40 

Id 

80*90 

1 35*30 

27*60 

8*08 

19*10 

43*63 

184*8 

3*42 

16 

74*62 

1 34*06 

27*78 

4*16 

25*38 

45*63 

134*2 

6*63 

17 

75*50 

33*70 

28*12 

3*65 

24*50 

44*64 

137*6 

7*70 

18 

77*02 

33*80 

28*20 

6*88 

22*98 

43*88 

147*1 

> 4*10 

19 

73*78 

32*19 

30*30 

3*77 


43*64 

122*8 

8*04 

20 

74*23 


31*73 

3*65 

m 

41*34 

119*1 

8*69 


Molasm-lonnlfig Property ol RedneJog Suftf*— This appears very strange, 
since, in existing literature, glucose is always referred to as a molasses-former, 
and one would expect high solubilities, instead of the low values found tj 
actual analysis. Gi^nning** has said that glucose renders a certain amount of 
sucrose uncrystallizable. Pelletf put down the melassigenic coefficient of 
glucose as 0*M. Flourenst allows various values for that figure, fiuctuating 
between 0*30 and 1 *0, whilst Degener§ mentions having found glucose to possess 
no melassigenic power of its own, but able to transfonn sucrose into invert 
sugar by the action of its add products of decompodtion. In that connection 
Pellet t also mentions two distinct sources of molaases-forming by glucose^ 
namely, one as a consequence of the inverting action of glucose, which he 
calculates as 0*16, and further the pure melasdgenip power, at a value of 0*60. 
The alleged inverting action, which has. however, never been proved to exist, 
may be ruled out of consideration here, where only the nvdasdgenic power 
itself is considered. 

• At 21^ C. •• SMoSArisMd* •» Aodte. t *' ZiMtehr. 11^, W- 
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While many authors thus ascribe iliffcrent values to the melassigenic power 
d glucose^ the author has made some experiments to ascertain how this sugar 
influences the solubility of sucrose in water. 

His laboratory experiments led him to the conviction that neither glucose 

nor invert sugar aflects the solubility of sucrose, and also that this sugar does 

not possess an inverting action under the conditions prevailing on simple 

dissolution and crystallization at low temperatures. 

$ 

MeliMlgenle Power of other Ifon«9agars.— Neither can the other con* 
stituents of the molasses be made responsible for the observed lowering of the 
solubility of sucrose in cane sugar molasses, because thcy^organic and in¬ 
organic salts, pectin, gums, nitrogenous bodies, caramel, etc.—are also found 
in beetroot molasses, and are there looked upon as causing the higher solubility 
of the sucrose. 

Joint Action of Roduolng Sugar and Salts.*- As the joint action of reducing 
sugars and salts might cause the phenomenon alluded to here, the author* 
prepared at the boiling point solutions containing sucrose, reducing sugar, 
salts of organic and inorganic acids and water. The amounts of sucrose and 
of water, which were the same in every one of the solutions, were thus chosen 
so that in all probability sucrose would crystallize out after the cooled solution 
had been allowed to stand during a long time. Tlic amount of salts was such 
that the amount of ash was the same in every experiment, while the proportion 
of the reducing sugar showed great variations. 

When dissolving the salts it was observed that they passed into solution 
much more slowly and more difficultly in the thick li(]uid containing sugars 
than they would have done in the same amount of pure water as was present 
in the syrups. 

Inversion by Rednelng Sugar and looiganic Salt.—The mixtures containing 
reducing sugar and inorganic salts irvcaJed a striking fact; their presence 
gave rise to so much free add of a highly invertive power from the inorganic 
salt, that at the high temperature at which the solutions had been made some 
'sucrose was inverted. For this reason the action of inorganic salts on the solu¬ 
bility of sucrose in presence of redudng sugar could not be studied, while their 
influence in the absence of that body is suffidcntly known from Herzfcld's 
experiments. When organic salts were also present in solution, the inversion 
occasioned by the far less invertive adds was small that in every case enough 
sucrose was left intact to give a supersaturated solution, as is shown by the 
large quantities of sucrose which crystallized. Owing to this circumstance it 
was only possible to study the action of in<x*ganic salts by comparing them with 
orixtum containing organic ones. 

• "ArefaM voor d* Jm SnOMfadvtria.** IM. 5)a • 
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We observe that io every case where reducing sugar and salts were jmscnt 
in the solutions, the amount of sucrose cryst^liztng out increased in pro* 
portion as the liquid contained more of the reducing sugar for the same amount 
of salts. 

Identical Aetlon of Organic and Inorganic 8alta.--In the mixtures containing 
both organic and inorganic salts, this crystallization is analogous to that found 
in those which contain the same amount of organic salts only, which shows 
that in this respect the action of organic and inorganic salts does not differ. 

A completely identical result cannot be expected, as every salt has an 
action of its own, but we sec that substitution of a part of the organic salts 
by the equivalent weight of an inorganic one has a slight tendency to promote 
crystallization of sucrose. Calcium salts exert the strongest influence, next 
come potash, and finally soda salts. 

Reducing Sugar can take the Place of Sucrose.— Having seen that the 
simultaneous presence of any kind of salt and reducing sugar promotes crystal* 
lization of sucrose and that crystallization more rapid when, for a g:iven 
amount of salt, the proportion of reducing sugar is greatest, wc extended our 
hypothesis already mentioned still further, We had already remarked that, 
in absence of reducing sugar, molasses is a hydrated combination between 
salts and sucrose, which is stable in a concentrate state and is Only dissociated 
in a very dilute state. If we add reducing sugar to that combination, the salts 
will combine with the glucose and fructose just as they did with sucrose, 
giving rise to a sucrose-glucose-fructose-solt combination, or more shortly, a 
sugar*salt combination. The proportion in which the five components (three 
sugars, water and salts) occur depends on the nature of the salt i but in 
presence of glucose or invert sugar, less sucrose enters into combination for the 
same amount of salt, than when invert sugar is not present in the mixture. 
This amount of sucrose then becomes free, and can crystallize out, ^ 

If this hypothesis be true, then, when mixing dry glucose with a quantity 
of the sucrose-salt combination, wc must expect to see a part of the sucrose 
displaced by the invert sugar, and so be caused to crystallize. 

For the same reason, when bringing together a saturated soluticm of 
sucrose with glucose and a dry salt, the salt will combine with the sugars and 
with water, and if the conditions of the experiment are well chosen, there 5^ 
not remain sufficient free water left to keep the whole of the still free sucrose 
in solution; that surplus will therefore crystallize. 

c 

Definition ol an Ideal Cane Mdawes. —Experiments have corroborated 
this hypothec, and have led us to the following ^finition of an ideal cane 
molasses:— 

f 

Molasses is a hydrated combination between sugar and salts, sriiich cannot 
be broken up by dissociation in a concentrated state, and therefore cannot 
yield sucrose in a* crystallized form. 
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Ri CompoiltloiL-^The total ainouat of sugan (sucrose-f glucose+fni(to$e) 
in an exhausted cane molasses is about 65 per cent., and their relative pro¬ 
portions depend solely on the ratio of reducing sugars (glucose + fructose) 
to ash. The water content is a^ut 20 per cent., and the ash about 9 per cent. 
In the case of juice containing no reducing sugar, the salts combine with 
sucrose only, and sucrose is the only sugar represented in the 55 per cent.> 
so that the proportion between sucrose and water is in this case as 55 : 20. 
If. on the contrary, the jui<^ contains reducing sugar as well, then this will also 
combine with a part of the salts, causing the total salts to hold less sucrose 
in combination. If, for instance, the amount of reducing sugar be 10 per 
cent., and of sucrose 45 per cent., then on 20 parts of water, we find only 45 
parts of sucrose; and in a case (which often occurs in cane molasses) of 30 
sucrose and 25 reducing sugar, we only find a proportion of 30 sucrose to 20 
water. 

guorose and Water In Presenee of Invert Sngar.^Thc supposed increase or 
decrease of the solubility of sucrose in the water of the molasses had long 
dominatcNl the study of molasses-formation. If wc accept that idea wc notico 
the following solubilities for the corresponding relations between sucrose and 
invert sugar 


Invert Sugar 0 

.. 275 

,, ,, 6 

.. 260 

M 10 

.. 225 

M >, 16 

.. 200 

20 

.. 175 

.. 26 

.. 150 


It will be seen that the so-called solubility of sucrose falls as the amount of 
g*lucose (or, in general, invert or reducing sugar) rises. GencraUy speaking, wc 
can say that with a high ratio between glucose and ash, the solubility of sucrose 
decreases. 


But this statement is far from being predse, and is apt to ^ve rise to much 
confusion. There is no question of solubility of sucrose at all, but only of the 
composition of a combination, which contains on an average 55 per cent, sugars, 
25 per cent, salts, and 20 per cent, water. If there is a large proportion of 
reducing sugar in that 65 per cent., then there is little sucrose; if, on the 
contrary, the percentage of glucose is small, thi syrupy cc»nbination contains 
much sucrose. The ratio t»etween the sucrose and water in such combinations 
has nothing vriiatever to do with a positive or n^ativc melassigcnic power of the 
constituents of the molasses. 

4 

It is evident that in the aQth<^s theory there is no place for negative 
mdasses-fonners; the non-sugars, especially salts, combine with sugars, and it 
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depends entirely on the mutual relation of sucrose and glucose whether much 
or little sucrose enters into comUnation. 

Van der Linden's ObservatloiUL-'Van der Linden* considered the formation 
of molasses from a view-point of the phase rule and distinguished the casesj 
in which the constituents of which the molasses is composed» i.e., sucrose, 
non-sucrose and water, enter into mutual compounds, and in which they do not. 

Further the question may be asked if molasses lias or has not to be looked 
upon as an undercooled eutectic mixture of the various components, or as an 
exactly saturated, either stable or meta-stable sucrose solution. 

It is not impossible that in practice both cases may occur, and that there* 
fore some molasses must be regarded as eutectic mixtures, while others are 
exactly saturated sucrose solutions and very probably stable ones. 

In the first case molasses and final massecuites possess the properties 
enumerated below, which are identical whether the components mutually 
form compounds or not. 

1. A fixed value for degrees Brix goes^ with every final massecuite of a 
given quotient of purity, below which the massecuite cannot be concentrated 
if it is desired to obtain an exhausted molasses after cooling and cenlrifugalling. 

2. Every final massecuite concentrated beyond the degrtes Brix referred 
to above may be diluted with water to that dcgrt-c Brix, without the quotient 
of purity of the molasses undergoing any noticeable increase. • 

In this respect two cases have to be distinguished 

{a) the purity of the exhausted molasses sinks as the water content 
rises. 

(6) the purity rises with the water content. 

Tlie former possibility is the most probable one. * 

3. If more water is added to the final massecuite so that the Brix comes 
down under the litnil, the purity will rise in both cases. 

4. The lower the quotient of purity of a final massecuite the larger the 
amount of water, i.e., the lower the degree Brix to which it may be kept. 

5. A final massecuite having a low quotient of puiily will stand a greater 

dilution with water than a high purity one, concentrated to the same degree 
Brix. t 

6 . The higher the degree Brix is to which the^final massecuite has been 

concentrated, the liigher the temperature may be at which it is being ctued, 
while yet a low purity molasses is obtained. , 

Here again the two cases mentioned under (2) may be distinguished; that 
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is to say, if the purity of the exhausted molasses rises with the concentration, 
such k practice will be favourable, but unfavourable in the other case. 

In both cases the temperature at which curing is carried out should never 
be allowed to rise over the temperature of equilibrium of the corresponding 
molasses. Tliis point should especially be considered in cases where a high 
content of reducing sugars is accompanied by a low ash content. 

7. Behaviour of exhausted molasses on addition and evaporation of water. 

(d) The quotient of purity of the molasses sinks on adding a small 
amount of water to an exhausted molasses and cooling the mixture; 
and sucrose separates out, thus giving a decrease in the quotient of purity. 
If, on the contrary, water is evaporated, the mass will remain homo¬ 
geneous, provided that no non-sucrose separates out. 

(6) The quotient of purity of the mo1a.sses rises. Addition of water 
and consecutive cooling may cause non-sucrosc to separate ; if this is not 
the case, we only see dilution. 

Evaporation of water may lead to crystallization of sucrose, i.e., 
decrease of the quotient of purity of the molasses. The limit is only 
attained when all of the water is evaporated. 

8 . A molasses, of which the non-suaose chiefiy coasists of salts, will have 
a high quotient of purity (beet molasses). 

9. A molasses, of which the non-sucrose chiefly consists of reducing sugar, 
will have a low quotient of purity (cane molasses). 

10. The quotient of purity of the molasses depends on the ratio between 
reducing sugar and ash; if the ratio is high, the purity will be low, and if the 
ratio is low. the purity will be liigh. 

11. Addition of reducing sugar to syrup cannot decrease the purity of the 
exhausted nkola&ses to be expected therefrom below a fixed limit. 

* 12. Any body having a low melting point can liave the same effect as 
reducing sugar in this respect, provided that its molecular weight does not 
differ too much and that it does not separate out. * 

As regards the second case, viz., that the molasses has to be considered 
as an exactly saturated stable sucrose solution, all the properties known by 
experience to belong to molasses and final massecuites might be traced back 
to that possibility. 

It appears that the diagram representing the system sucrosc-glucose*salt- 
mkter ^ows a somewhat pe^ar slupe, from which the conditions of solubility 
of sucrose in presence of salt and glucose can be derived. An explanation eff 
that peculiar condition of the diagram is not to be expected from the phase 
rule, but will have to be evolved from the so-called theories of fonnation of 
molasses. » 

Since in the literature dealing with sugar no record of investigations could 
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be fqpnd giving an absolute answer to the question, as to which oi the 
two categories referred to here the molasses belongs, it was found necessary 
to continue the researches. 

The procedure was already indicated by the definition of the two cases. 
If molasses is an undercooled eutectic mixture, no sucrose will be dissolved on 
heating molasses with sucrose crystals till the temperature is attained at which 
a eutectic mixture of the given composition b just in equilibrium. If. there¬ 
fore. the purity of the mother-liquor b continuiJly ascertained at various 
temperatures during a range of sufficient length, the quotient of purity will 
be found to remain the same at the beginning and to start rising from a certain 
point onward. 

If. on the contrary, molasses b an exactly saturated sucrose solution, the 
quotient of purity will rise at once if the temperature b raised, since solu¬ 
bility of sucrose in its mother-liquors b increased as temperature rises. 

The results of the experiments undertaken by van der Linden were rendered 
uncertain by the development of very minute sucrose crystals, which separated 
from the thick masses and could not be filtered off. 


Heiderman'i loveetifattons^-^Helderman* directs attention to the deter¬ 
mination of the solubility of sucrose in water in presence of reducing sugar 
by Von der Linden, ^ose tables have been mentioned on* page 11 of thb 
work. These investigations show that, contrary to the views expressed by 
many other authors enumerated on pages 204 and 296, reducing sugar diminishes 
the solubility in water. 

Further. Heldermanf, equally contrary to the opinion of a great many 
other investigators, maintains that neither sucrose nor glucose enters into 
compounds with salts, and corroborates hb view-point by references to the 
phase rule, which have, however, been contested by others. 

He comes to the conclusion that molasses may not be considered as undifi*- 
cooled eutectic mixtures, but as exactly saturated sucrose sdutions.} 

Finally he is convinced that the conclusion derived from the so-called 
chemical molasses theory, vb., that an exhausted molasses is unable to give 
ofi sucrose crystab on further evaporation, but only loses water of hydration 
during that operation, does not agree with the facts. 


On the contrary, be b of o^union that every molasses can crystallise out 
still further on continued^ evaporation; only the velocity of crystallisation 
and the size of the crystab become very much reduced, so that the bst crystab 
may be only virible under the microscope. • 

Heidcrman gives the fdlowing definition for molasses: Mobsses b a 


• ^ SatoriAOMtH*.*' Ittt. 
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DEFINITION AND FORMATION OF MOLASSES SOI 

solution saturated in sucrose, the solulnlity of which is influenced «by the 
presence of various substances, such as reducing sugar, salts and other $ul> 
stances, colloidal and crystalloid. 

Ckmeluriens.—Wc shall r^rain from further discussing the theories and 
confine ourselves to expressing them one after another. Wc only want to 
observe here that in such concentrated mixtures as final molasses we should no 
longer use as a basis of comparison the terms of fiolubility of sucrose in water. 

We have seen in the foregoing chapter that final massecuites may bo 
evaporated to a density of about 100^ Brix. and that therefore the amount 
. of water still left in the exhaxistcd molasses is a very insignificant one. It is 
therefore not adequate to apply the conditions of dissolution of sucrose in and 
crystallization from aqueous solutions unchanged to those in and from liquids 
from which the water as far as possible has been driven out. 

If one wants to consider molasses as a saturated sucrose solution, one should 
make sure not to think of a solution in water but in a melted mass of non* 
sucrose. 

Further it is clear that the conditions of the formation of molasses must 

• 

be studied under similar circumstances as occur in practical working. We 
must, therefore, start from an excess of sugar (chiefly sucrose) over salts, 
because in practical sugar manufacture the sucrose always predominates in the 
juices and syrups; it constantly grows less through the consecutive crystalliza¬ 
tions until no more is left than can possibly be left in solution in the stiff, 
almost anhydrous mass, which constitutes the final molasses. 

Hence, in this work, the solubility of sucrose in water is not studied beyond 
the stage where the jxiicc is concentrated to syrup. Sucrose still preponderates 
in the concentrated syrups, as compared with the relatively small amount of 
non-sucrose, but in the first molasses (from which a great deal of sucrose has 
been withdrawn) this proportion is already so disturl)cd that it may be regarded 
^ a solution of sugar in a mixture of reducing sugars, salts and water, whidi 
latter constituent gradually decreases till it reaches its minimum in the ex¬ 
hausted molasses. • 

This same observation holds as well for the case in which the sugan$ and 
salts enter into compounds, as for that in which uncombined sucrose is simply 
dissolved. In the former case the sucrose is immobilized by its being com¬ 
bined with the salts; in the latter it is immobilized by its being dissolved in 
the non-sucrose. 



• IL—Composition of Exhausted Molasses* 

When speaking hereafter of ** exhausted molasses." we only mean that 
the molasses removed from the course of manufacture is practically exhausted, 
even though it might be possible to extract yet more suaose from it by some 
device or other. 


Composition of Java Kolaaies.—In the first edition of this work we gave 
the full analyses of a great number of Java molasses, dating from 1006.* 
Wc here only reproduce ten of them, divided into two groups, viz., those 
obtained from final mixed massecuites boiled to grain and those obtained 
from ma.ssccuitcs boiled to string-proof and cooled in tanks. 

As the molasses were obtained in the usual course of manufacture, they 
were probably somewhat diluted, or might have contained minute sugar 
crystals in suspension, dnd were therefore not identical with the mother-liquors 
from the final crystallization. 


t—MOL.VSSES FROM MASSECUITE^. BOILED TO GRAIN. 
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II.—MOLASSES FROM MASSECUITES BOILED TO STRINC*PROOF AND 

COOLED JN TANKS- 
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SiDce that time conditions in Java have changed in so far that the string* 
proof boiled massecuites have dropped entirely into the background, while 
almost all final massecuites are now h^ed to grain. Further, concentration 
has been pushed much farther nowadays than was formerly the case, causing 
the figure for d^roes Brix to be now much higher than in the instances given 
above. • 

We give here the averages for the final molasses in Java during a series 
of years derived from t&e final tables of the Mutual Control of Java Sugar 
Factories. 
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DEFECATION. 


CoBAtltnenU. 

Itl4. 

kfl). 

1417. 

>411 

1919. 

mi. 

1922. 


Brix . • .. 

9oai 

61-44 


91-14 

HWi 

m 

92-15 

92-66 

HolafixatKiii .. 

20-66 

26-44 

26-70 

30-16 

Effl 


29-35 

28-97 

Brix 









. 


32-16 

32-70 

«-i ; 

32-1 

32-2 

31-9 

31-3 

Sscrose . 

33*26 1 

33 26 

33-68 

33-91 

33-62 

13-40 

32 93 1 

32-47 

^ ^ . Brix 

bucroec 

30-66! 

36 4 

37-0 

37-2 

36-6 

36-1 



Reducing Sugar 

2615 

29-68 

27-31 

20-66 

27-66 

27-79 

27-66 

26-71 

A^h . 

— 

8T3 

6 11 

uEl 

9-96 

9-86 

9-62 

10-44 


DRFECATION-SULPHITAIION. 


C^RKhueatl. 

1 1914. 

191$. 

1917. 

1911 

1919. 

1921. 

1922. 

192$. 

Brix .. 

91-38 

92-06 

91-69 

tan 

93-20 

92-82 

92-96 

93-89 

PoUrisatiort 

29-90 

29-77 

29-60 

rnn 

29-82 


29-41 

29-06 

1 

Brix 1 

Q. Purity ^ 1 ., 

^ ' Pol. 

32-7 

32-24 

32-3 

32-8 

32-1 

32-4 

31-6 

3M 

Sucrose 

33 36 

33-3 

83-16 

33-90 

33-32 

3^62 

33-07 

82-47 

Q. Parity 

Sucrose 

35-41 

36-2 

96-1 

1 

1 

$6 9 

36-8 

36-1 

36-6 

34-7 

Reducing Sugar 

Anh 

29-66 

29-36 

9-23 

28-10 

8-66 

Is 

26-39 

9-69 

26-91 

9-72 

27-46 

9-70 

26-46 

lo-io 


CARDONATATION. 


CoOStitMOtk 

1914. 

191$. 

1917. 

1911 

1919. 

1921. ' 

I92t ' 

ltt$. 

Brix. 

RS-77 

89-44 

90-77 

91-18 

01-67 

91-61 ! 

00-86 

91-66 

Polorif ation 

29-72 

29-94 

30-17 

30-73 

30-11 

30-73 1 

30-81 

29-27 

Brix * 


1 


1 

1 





o’^"‘’'psr. 

33-6 

33-6 ' 

33-2 

33-7 

33-9 

33 6 

88-4 


SUCTM 

32-09 

32-31 

32-77 

83-10 

32-74 

33-34 

32-66 

32-16 

>K . Brix 

Q. Punty — 

Sucrose 

86-16 ' 

36-1 

36-1 

36-4 

36-7 

36-4 

*36-8 

16-6 

Reducing Sugar 

27 38 

26-81 

26-68 

24-66 

26-76 

26-70 

26-06 

27-06 

Ash . 

— 



9-38 

9-22 

9-07 1 

8-97 

9-26 


ComposUlon of HAViUa]i Tiirltitn—Van Heeaiskerk Duker* puUisbes 
the following data concerning exhausted molasses from Hawaii subdivided 
according to the methods of b^Ung and cooling. 

• im 7u ut 
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COMPOSITION OF EXHAUSTED MOLASSES 


BOILED TO GRAIN. 


No. 

1 

Dry 

SnbstMice. 

Apparel) t 
Pudty. 

Pbr Cbnt. Dar SuasTAwra. 

1 

Sucro^. 

Red. Sugar. 

Tatol Sugars 

1 

80*19 

36 18 

30-82 

19-60 

60 42 

S 

81-07 

• 37-23 

41-55 ' 

18-03 

50-38 

3 

79*42 


43-67 

16-61 

60-28 

4 

79 69 

34-47 1 

39-24 

20 27 

60-51 


BOILED TO STRING-PROOF. 


No. 

Dry 

Subttaooa. 

Apparent 

Purity. 

• 

l^t CfUtT. DhV SuBSTANCl. 

1 

Sucrose. 

Rc<|. Sugar. 

Total Sugam 

1 

74-23 

36-43 

43-60 

18-47 

62-07 

2 

78-53 

1 

40-36 , 

46-16 

14-70 

60 86 

3 

71-76 

41-33 

4707 

15-93 

63 00 

4 

e 

7847 

42-90 

4902 

13-60 

62 52 


Wc also abstract from the pcnodica) statistics of the Sugar Club of Havana 
the following Instances, picked at random, from the data of 1924. on ex* 
haosted molasses in Cuba. 


No. 

Bra. 

Pol. 1 

Sucrow. 



Red. Sugar* 

Sucrow? 

• 

1 

85-20 

31-21 

38 04 

36 63 

45-34 


3 

8802 

34-03 

37-70 

38-66 1 

42 54 

14-39 

3 

85-36 

2706 1 

36-00 

31-70 

46-50 

21-70 

4 

8303 

29-90 ! 

3244 

3601 

39-07 

14 99 

6 

86-92 

33-92 

37-27 

33-92 

42-87 

1644 

6 

8847 

27-65 

36-92 

314fr 

45-06 

2302 

7 

82-37 

20-71 

3244 

36 11 

3943 

15-84 

S 

8908 

2746 

35-02 

30-83 

43-65 

24-82 

9 

88-87 

25-81 

28-74 

20-04 1 

32 34 

17-84 

10 

8S-M 

28-64 

8 

35-70 

1 

32-36 i 

43-33 

20-36 




















































EXHAUSTED MOLASSES 


3CK} 

« 

ConpoiltlOD of Culnn MoUfiea. —The yearly etatistics of the Secretary 
of Agriculture, Commerce and Industry In Cuba, mention the following averages 
for the quotient of purity of exhausted molasses in the year 1920-21, hi the 
different provinces. 


Pinar del Rio .. 

38-70 

Habana 

32-88 

Matanzos 

34-87 

Santa Clara 

3lll 

Camaguey 

34-35 

Oriente .. 

34-39 


Composition of Argentine MoUesos*—Cross* cites the analyses of exhausted 
molass<*s of a number of factories in Tucuman in 1915. to be as below:— 



l 

s 

S 

4 

s 

0 

7 

a 

Brix 

76-2 

80-2 

82-8 

83% 

86-5 

80-4 

83-.1 

77-6 

Polarization 

25-0 

38-0 

34-4 

31-2 

28-4 

27-7 

26-8 

80-3 

Apparent Ihirity .. 

32-8 

47-38 

41-55 

36-71 

32-83 

34-46 

1 

32-25 

39-04 

SoUds 

73-03 


76-50 

78-78 

80-40 

76-80 

78-20 

72-70 

Sucrose .. 

31 90 

43-37 

39-50 

37-40 

33-00 

36-40 

34-20 

34 60 

True purity 

43-58 

66-62 

51-63 

47-47 

41-04 

47-39 

43-73 

^7-68 

Reducing sugar .. 

20-1 

15-1 

12-6 

lG-1 

21-9 

22-45 

16-0 

11-3 

Nitrogen .. 

054 

0-69 


0-85 

0-60 

0-55 

0-74 

0-70 

Ash 

7-44 

6-82 

10-89, 

9-68; 

8-85 

6-94 

954 

10-06 

Silica 

Iron oxide and 

0-25 

0-21 

1 

0-46 

1 


0-35' 

1 

0-26 

0-31 

0-30 

alumina 

0-12 


0-22 1 

0-21 

0-18 

0-11 

0-16 

0-13 

Lime 

0-71 

0-46 

0-72 

0-82 

0-97 

0-38 

0-95 

0-64 

Magnesia .. 

0-19 

0-18 

0-22 


0-21 

0-19 

0-24 


Potash 

S-34 

2-96: 


3-87 1 

4-11 

3 26 

4-05 

4-98 

Soda 

0-14 


mm 


0 -ie 

0-18 

0-17 

0-26 

Phosphoric add .. 

0-13 


itg 


0-15 

0-13 

0-16 

0-21 

Chlorine .. 

026 

^^3 

1-48 



0-17 


1-01 

Sulphuric add .. 

0-64 

0 80 

1-22 


0-81 

0-66 


1-21 

Carbonic add in ash 

1-32 

0*70 

# 


1-09 

140 

M5 

1 

1-32 

0-97 


Composition of Philippine Molawi«—Westleyt gives the following data ze 
garding Philippine molasses:-^ 

I 

'MftA j Afitali Tjcmaii.** tf22. H< 
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Av«ng« of IS 
factone*. 


Blix .. 85-00 87-20 01-70 85 33 88 31 87 54 88 00 88 20 

Apparent 

^Purity .. 3210 32-09 31-61 33-29 ^ 31-86 38-80 32-40 


These analyses which agree fairly mutually for tlie various countries give 
rise to the following observations. 

Degrees Brlx.—As was said in the case of massecuites and first molasses, 
the degree Brix of the exhausted molasses is always higher than the per cent, 
of actual dry substance, due to the fact that many of the impurities which 
accompany the sucrose possess a higher specific gravity than the latter in 
solutions of equal concentrations. Tlic specific gravity tables corresponding to 
degrees Brix are calculated for pure sucrose, so that the presence of such 
impurities causes the degrees Brix (calculated from the specific gravity] to difier 
from the a^ual dry substance. The importance of these deviations is shown in 
the following table, in which the actual concentration, specific gravity, and the 
corresponding degrees Brix of various substanc(-s arc brought together 


Su8STA(«eas. 


Cuneenlralion. 


Specific Crav 
17*5 


17-6 


Degrees Mrit. 


Sucrose 
Glucose 
Fructose 
Sodium chloride 
"Potassium chloride 
Calcium chloride 
Potassium sulphate 
Potassium acetate .. 
Sodium acetate 
Calcium acetate 
Potassium tartrate .. 
Albumin 

Dunder from cane sugar m 
Sodium gludnate* 
Potassium 
Cakium 


olasses 


10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

10 

936 

10-13 

9-74 

9-92 


1-04014 

J-04013 

1-03090 

1-07312 

1-06518 

1-08647 

1-Cl^235 

14H96 

1-0538 

1-0492 

1-0650 

1-0261 

1-04356 

1-05494 

1-05358 

1-04769 


0-0 
0-0 
0-0 
7-7 
59 
0-7 

9- 8 

2- 3 

3- 25 
2-2 

16-9 

6-6 

10 - 8 
13-5 
13-2 
11-8 


TW iMmIm im pTi»««d 67 
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EXHaCsTEP MOtASSES 


i 


With a few exceptions, all the substances mentioned here, when In solution, 
show a higher specific gravity than sucrose and the two other sugan. 

Leaving out of question the posdble interaction or combination between 
the different constituents, and assuming that each of these retains its own 
specific gravity, a solution of the following composition would possess an actual 
percentage of 70 per cent, dry substance and yet show a dea^ty corresponding 
to 77*7 degrees Brix:— 


Sucrose .. 

• • 

• • 

• Brix. 

40 « 40 

Glucose 

» • 

4 • 

10 B 10 

Fructose 

• ^ 

• 4 

10 B 10 

Sodium chloride 

« 4 

e # 

10 B 17*7 




70 77*7 


All cane molasses contain salts, and since the degree Brix of solutions 
of both organic and inorganic salts is in excess of their actual content of dry 
substance, it is very probable that the degree Brix of the molasses is too high. 

The analyses of a number of artificial mixtures proved that when a solution 
only contains sucrose and reducing sugars, the sum of the degrees Brix and 
the water does not deviate much from 100, but falls below 100 as the proportion 
of reducing sugar increases. 

When salts are also present, the sum of the degrees Brix and the ^ter 
rises above 100. 


Ko. 

Brix. 

17 fi C*. 

1 

Sucrose. 

1 

Redirtlog 1 

SagAT. 

Ash. 

Water. 

■ ■ ■ ■ 

Sum of 
Brix 4> Water 

1 

68 1 

6812 

0*0 

0*00 

31*9 

100*02 

2 

69 2 

66-8 

2*4 

0-02 

30*7 


3 

71-7 

57-5 

11*0 

0-03 

27*81 


4 

74*7 

51*6 

21*7 

0*03 

24*85 

99*55 

5 

74-3 

438 

29*4 

0*03 

24*7 

99*50 

6 


43*6 

33*3 

0-03 

21*27 

99*17 

7 

84*3 

37*4 

39*2 

0*03 

15*0 

99*30 

B 

82*4 

1*8 

75-0 

0*06 

16*6 

99*0 

9 

68 •O 



15*13 

36*5 

105*1 

10 

81-8 

626 

1*92 : 

12*42 

26*93 

108*78 

11 

! 74-9 

68-8 , 

2*10 i 

8*41 

29*60 

104*5 

12 


54*5 

11*90 

846 

26*07 

105*57 

13 

78*5 

47-9 

15*2 

6*75 

26*00 

104*5 

14 

79-6 

46*8 

21*3 

msm 

24*23 

103*83 

15 

84-2 

41*4 

81*5 

6*46 

20*40 

104*60 

16 

83-5 

34*4 

1 

38*4 

4*46 

17*83 

101*38 
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Altbotigh the salts of inorganic adds an fully represented in the ash/those 
of organic adds leave carbonates after indneration, the weight of which is only a 
part of that of the original salt. In the case of salts containing much organic 
addr the amount of ash is smaller than if the majority tl\c salts had been of 
inorganic adds. For this reason, and also because every salt in solution has its 
own relation between specific gravity and dry substance, no fixcnl factor can 
be found for converting the degree ilrix to the actual dry substance in the 
molasses. Former researches gave an average factor of 0*6 to 0*7, so that for 
an indirect determination of solid matter in an exhau.Med molasses, the figure 
for ash was multiplied by 0*6 to 0*7 and the product subtracted from the degree 
Brix at 17*6* C. in order to get the actual dry substance. In the analyses 
recorded in the aforc-mentioned tables, the author found an average factor cf 
0*63, with a maximum of 0*80 and a minimum of 0*47, and only about 20 per 
cent, of the molasses showed larger deviations from the average than 0*10. 

PolirliatloD. —It has already been observed that the direct polarization 
does not yield the true percentage of sugar, because clarihcation by means 
of basic lead acetate precipitates part of the fructose and therefore causes the 
polariscopc reading to be somewhat high. But. as has already been remarked, 
the lack of a suitable clarifying agent, not posscs»ng this or similar incon* 
veniences, compeb us to accept this slight error. From the diflerence between 
direct polarizatibn and polarization by Clcrgct's method, wc can compute 
the quantity of other optically active substances in the molasses. Clarification 
with the lead reagent named eliminates ail tlie active acids, leaving only the 
active sugars, and as the sucrose is already accounted for by polarization by 
Clerget's method, the difference between the total polarization and that of the 
sucrose is due to reducing sugars. 

The rotatory power of the reducing sugar, expressed in degrees Ventzke, 
calculated from the data mentioned on page 304. is for factories using the 
<^bonatation process between —8 and —10 2; for those using the common 
defecation process between—13 and —16; and for those using sulphitation, 
of the limed juice between —12 and —^13. » 

from these figures that the processes of manufacture in use now, 
where the juice is only very sparingly exposed to alkaline reactions, the trans* 
formation of the redxicing sugar, as referred to on page 36, is no longer a 
conriderable one, while, at the same time, the figures show that inversion of 
sucrose does not play any important ttW owing to the rapid course of manu* 
facture. • 

QaatleBt of Purity.—The Brix being higher than the actual per cent, of dry 
sid>stance. and the polaritaltion being lower than the actual per cent, of sucrose, 
we see Uut two errors cchopmte to make the true purity much higher than 
the apparent purity. The f^mer is obtained by dividing 100 X the 
per eeot. sucrose by the dry substance; and the latter by dividing 100 X the 
pohriaation by the degrees Brix. 
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AUt^Tbe amount of ash in cane molasses is fairly constant so far as the 
ash proper is concerned, apart from the sand, day and other Impurities con* 
laminating the molasses and not belonging to the real molasses. The per¬ 
centage of ash ranges between 7 and 10 per cent., with only slight deviations 
above and bdow these limits. 

Gummy Hatter.— Under the heading of gununy matter are included 
all organic substances predpitated by alcohol from an acid solution of the 
molasses. In many English and American textbooks the word gums’' 
is used for organic substance i^edpitated by basic lead acetate, which is quite 
another thing. 

A sample of the predpitate obtained from an ad^fied molasses solution 
contained 41*8 per cent, of ash. The amount of pentosans, determined by 
ToUens' method, was 0*13 parts on 100 parts of the organic matter in the 
predpitate. while the estimation of galactan by the mude add method gave a 
content of 7*06 per cent, of galactan on 100 parts of organic matter. A second 
sample was found to contain 7*1 per cent, of pentosan on 100 parts of organic 
matter. ' 

Hascwinkel and Langguth Stcuerwald showed that all pentosan present 
in the syrup could he found again in the molasses, and therefore did not undergo 
any change or transformation during the course of manufacture This, however, 
was not the case with the percentage of pentosan on 100 parts of total gummy 
matter. Whereas gum from syrup contained only 9*7 per cent, of pentosan, 

« the gum from molasses showed a percentage of 23*6. One or other of the 
gum constituents must have been broken up or eliminated from the solution, 
wliilc careful analysis of a number of specimens of gums extracted from a 
variety of molasses indicated a widely varying constitution. 

The gummy matter in the molasses therefore condsts neither exclusively 
of pectin, nor of gums dissolved from the fibre, nor yet of slime, but of a mixture 
of the three in varying proportions. ^ 

Organic Kon-Su^.—The diiierence between total dry substance and the 
sum of sucrose, redudng sugar, and ash is entered in analyses as ''oiganic 
non-sugar." This indudea the gum, and the remainder is divided between 
organic adds, nitrogenous bodies, caramel, and other products of decom¬ 
position of sucrose, glucose, and fructose. 

The figure for " organic non-sugar " is rather considerable, and as yet no 
further subdivision has tieen, made. The carbonic add in the ash is an 
approximate measure of the amount of OTgajuc adds, but does not yield an 
absolute value because we neither know what these adds are. nor their com¬ 
bining weights. The adds n^eotioned in Chapter I possess the fdlowiug com¬ 
bining weights: malic acid « 67, sucdnic add i* 69. and acetic add * 60, 
or on an average » 60. On decomposing ^ucose by time, caldnm salts of 
organic adds are formed containing tVl and 18 per cent, of celdum oxide 
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Ripectiyely. or, on an average, 20 per cent, of calcium oxide, equal to 14'3 
per cent, of calcium. The combining wdght of those adds is therefore 121, for 


100 X 20 
(121 - 1) X 20 


14*3. 


These adds were formed by decomposition with large amounts of lime, and 
perhaps those f^med with smaller quantities possess a still higher combining 
weight; but. as not mticit of these acids is formed on defecation, wc obtain 
a high figure when we assume the average combining weight of all the organic 
adds to be 100. On incineration only 22 parts of carbmic add are left, so 
we may roughly estimate the total amount of organic acid in the molasses to 
be about 4} times that of the carbonic acid in the ash. As the figure for 
carbonic acid is already accounted for. the figure for caramel, nitrogenous bodies 
and products of decomposition may be found by subtracting 3} times the 
carbonic add from the figure for organic non>sugor. minus the gum. 


Nttrogen^-^The nitrogen content of cane molasses does not exceed 0*2 per 
cent., so that the nitrogenous bodies form not more than 1 per cent, of the weight 
of molasses. 


Tf5ditermlQed«'^alculated in this way.wc find a balance of about 0 per 
cent, left for caramel and the other products of decomposition, though wc 
must not forget that all errors of analyds are inciude<l in that figure, Uie 
accuracy of which is not above suspidon. 

We quote from a great many analyses the following two in order to show 
how the amount of undetermined matter may be calculated 


I—Organic non-sugar .. 

9^ 


12-71 

Gummy matter .. 


2-39 


Nitrogenous bodies.. 


1-00 


Organic adds ( ^ 3) COy), 


3-6] 

7-20 

Balance «« ^ 

- 


3-61 

II-^)rganic non-sugar .. 



1116 

Gummy matter •. • » » 

1 

1-31 


Nitrogenous bodies .. 


100 


Organic adds ( s 3| CO J 

a 


4*16 

6-67 

f 

Balance 



4-49 
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Although it is as yet not feasible to determine either the absolute amount 
or the real chemical character of the undetermined matter, 3 ^t it does un« 
doubtedly exist. 

Hazewinkel* showed in an cxtensve examination that actually the balance 
rcmainiilg una^ounted for on analysing cane molasses is not caused by 
analytical errors of some sort or other, but is really due to some organic body. 

From an investigation, made by the author in ebUaboration with Langgutb 
Stcuerwald.t it was found that when a neutral solution of invert sugar was 
heated for a considerable time, it assumed a dark coloration and an empy- 
reumatic odour, while at the same time the reducing power diminished. Addi¬ 
tion of salts of organic or inorganic acids accelerates and intensifies the reaction. 
The colour becomes dark*brown. the amount of solids decreases by the escape 
of gaseous decomposition products, which arc characterised by the empy* 
reumatic odour that they diffuse, and the reducing power is greatly impaired. 
Polarization however, in so for as this can be ascertained in the dark-coloured 
liquor, does not show great changes. When the salts have been chosen in 
such a way that they are not precipitated by lead acetate, the solution remains 
dear after addition of both neutral and basic lead acetate, before it has been 
heated; but after that operation we observe pred^tation of lead compounds, 


Duration i 
ol ' 

heating. 

KOUTV. ' 

1 

Invert 

Sugar. 

1 

Salts. 

ToUl 

ol 

Matter 

determioed. 

Degree 

Bnx. 

Gra\*ity 

Solids. 

UqdeteT' 

mined 

Organic 

Matter. 

I. 

0 

7*61 

8-58 

1 

1610 

19*0 

m 

0 

20 

7*46 



18*7 



40 

713 

, 1 


18*7 

■19 

^ a 

04 

6 65 

6*57 

16-22 

18-6 

15-81 

0*59 

70 

5*96 ^ 

8*55 

14*51 

17*9 

16*21 

M4 

80 

5*69 

8-57 

14*16 

18*0 

15*30 

1*94 

11. 


1 





0 

8*21 

4*33 4-08 

16*62 

24*2 I 

26*62 

0 

20 

8-30 

4-32 4 17 

16-79 

24*2 

16-62 

-0*17 , 

35 

7-89 

4*4(r icOB 

16*37 

1 

24*2 

16-62 

0*25 

56 

7-68 

4*34 418 

16*10 

24;16 

16-60 

0*50 

65 

7-25 

4*30 4*16 

16*71 

24*1 

16-68 

i 

1*07 


« 


'ArSM «oar Si MkWvtetra. 

t /Ma, jsta iw. 


isea m. 
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proves that the invert sugar has been broken up with the formaMon of 
bodies giving precipitates with the lead reagents. 

When analysing, by methods used for the molasses analysis, a solution of 
invert sugar and salts which had been heated over a long period, a balance 
was found between the total ^ds and the total amount of determine con* 
stituents. This is shown in the tables on page 312. 

Table I. has reference to a solution oi 7*51 per cent, of invert sugar, and 
8*68 per cent, potassium acetate; and Table II. to a solution of 8*21 per cent, 
of invert sugar, 4 33 per cent, potas^um acetate, and 4-08 per cent, potassium 
sulphate. The mixtures were heated at 100^ C. over a long period and analysed. 

At the outset we observe no undetermined matter at all. but gradually a 
deficit between total and determined solids creeps in, and we see the same 
phenomenon as appears in the analysis of a canc molasses. 

It is therefore very probable that during the course of manufacture part 
of the reducing sugar has been broken up into otlier bodies which escape 
detection and determination by the usual analytical methods. These products 
of decomposition arc combustible solids, and arc therefore not determined by 
the estimation of mixture or ash. They have a very feeble rotative power, 
which by direct polarir^tion exerts an insignificant influence on tlie estimation, 
and none at al^on the Clcrget sucrose determination. Their reducing power 
b much smaller than that of tbc reducing sugar, and since the percentage of 
the latter b only derived from the weight of cuprous oxide, separated on 
analysb, it is clear that their presence mctuly servos to raise the amount of 
reducing sugar in the analysb sheet slightly above tbc real percentage, while 
the great bulk of the products of decomposition remains unnoticed. Tlicy are 
soluble in acidified alcohol; and are, accordingly, not found among the 
gummy matter, so that in no item of the analysis sheet is either their presence 
or their quantity recorded. Under such circumstances we con.sidcr ourselves 
fttstified in concluding that among the undetermined matter still unaccounted 
for in the analysb of molasses, the decomposition products of reducing sugar 
are strongly represented. * 

Thb conclusion b further corroborated from the fact that after the data 
of the Mutual Control of Java Sugar Factories* the glucose coefficient of juices 
constantly rinks during manufacture, thus yielding a proof of the disappearance 
of reducing sugar. 

. Further, we know that every effort to establish a kind of reducing sugar 
account in sugar factories has failed to give 9 satisfactory balance, owing to 
the drcumstance that inaevery instance the final amount of this constituent 
was found to be conriderably under the initial one. 
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HILoss of Sucrose in Molasses 


SuoroM ConUnt of Exluoitad Moitlsaf.^^We have shown in the foregoing 
pages that the sucrose content of the exhausted cane molasses is a fairly 
constant one, fluctuating around the figure of 30 per cent, within rather re* 
stricted limits. The only exception to this generalvule is supplied by molasses 
from juices possessing a high ash content together with a low amount of reducing 
sugar, in which case the sucrose content will be high. On the other hand, a 
high percentage of reducing sugar and a low one of ash will produce molasses 
having a low sucrose content. 

Quotient of PuHty.—'A few examples of exhausted molasses of high purity 
follow, and in every case the ash content is high and that of reducing sugars low. 
causing a high sucrose content. 


Ahalyits. 

1 

t 

1 

a 

4 

Rrix «• .. 

00*1 

85*7 

83*5 , 

80*7 

Polarization. 

37*4 

38 0 

35*^ , 

35*8 

Reducing sugar 

11*9 

15*4 

14*5 

18*87 

Apparent purity 

41*5 

44 3 

42*6 ! 

‘40-0 

Ash . 

13*26 

933 

9*3 

10*86 

Potash in ihc ash 

7*64 

3*5 

3*84 

5*76 

Reducing sugar: ash 

0*90 

1 

l-O 

1*6 

1*7 


On some estates the content of reducing sugar b always low. so that a rath A 
rich molasses may yet be considered exhausted. 

Juice from an Egyptian estate contained a great deal of sodium sulphate, 
and gave the following analytical results 


Rrix. 18-2 

Polarisation. 14*6 

Reducing sugar . 0 *51 

Ash 0*98 

Reducing sugar : Ash .. .. 0*52 

Apparent purity *. 80*25 


When such juice b worked up without being mixed with other juice, the 
purity of the exhausted molasses will not fall below 60*, and b umilar in 
character to beet molasses. 
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Rltlo of Redodog Sug&n to SdU. —This, however, is an extreme caSb. but 
when the ratio of reducing sugar to ash amounts to 1*5. it will generally be 
impossible to reduce the purity of the molasses to 30^. TIte limit of exhaustion 
lies well above that figure, so that further concentration only rnndors the 
molasses more viscous and stiff without causing any further 3 ncld of sugar. 
On this account, it is impossible to reduce the purity of the molasses down to 
30^ on some estates; in many cases tJie juice of one canc variety can he 
reduced to a molasses purity, while that of another variety yields 

molasses of higher purity even on the same estate. Tlio iigurcs on pages 101 
and 102. show that one variety assimilati*s more salts from the soil than another, 
so it is evident that the nature of some canc vnneties may prevent the reduction 
of purity of the exhausted molasses. 

An unfavourable ratio of reducing sugar to a«h is the only cause which 
lies beyond the control of the manufacturer; the other causes (to l^e 
enumerated below) may lx: got rid of, so that every juice po&MSsing a 
favourable ratio of reduciiig sugar to ash diould yield exhausted motas»i<^s of 
30** apparent purity or under. 

4 

a 

Exeaislve BvaporatlOD. —One reason is excessive evaporation, owing to 
which the cooling mass becomes semi-solid with the formation of a very fine 
grain, which cannot be recovered but passes through the centrifugal linings 
along with the molasses. When such a massccuitc is C(X>lcd in nutating 
crystallizers, it can be improved by diluting it to a den^uty of Hrix with 
diluted molasses before curing.* When cooled in fixed tanks, an over- 
concentrated massecuite may be improved by covering It with water to a depth 
of about a foot, allowing it to stind for a month, after which time the super¬ 
natant layer of water is removed, and the ma.ssecuitc cured.f 

As prevention is better than core, massecuites boiled to grain should be 
(fluted at once, and those boiled smooth sliould not be conctnlratcd too far. 

Too Rapid Cooling vheo Smooth-B^ktL— Another rc^n why massccuiles 
boiled to string-proof arc difficult to cure is that they are cooled loo fust, 
crystals being formed during their transport to the crystallizaliOD tanks,J 
* so that an excessive quantity of grain is formed which does not grow, and cannot 
be separated from the molasses. This may l)e prevented by keeping the 
temperature of the massecuite high \riicn it leaves the pan. and by transferring 
it quickly to the cr^'stalHzing tanks. ^ 

These tanks should be neither too small (In order to prevent too rapid 
cooling) nor too large, but should have a capacity equal to one or two strikes of 
the pan. If several strikes of the pan arc required to All the tank, the 
crystallization of the first strike will be disturbed by each subsequent addition 
of hot massecuite, which is detrimental to crystallization. 
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Hl^b Oiztn CoBtiiit.—A high percentage ai gums also readers the molasses 
thick, so that they cannot be properly concentrated. In some cases, the 
molasses contain so •much gummy matter that unless a good deal of water is 
left in the xnassecuite the latter sets bard on cooling. If evaporation be 
carried too far, crystallization is interfered with, and the crystab formed cannot 
be separated from the mot her •liquor and are consequently lost. If. on the 
contrary, sufficient water is left in the molasses to keep them fluid, too mudi 
sucrose remains dissolved, so that in this case, ffiso, the loss of sucrose is 
excessive. 

Hazewinkel and Langguth Steuerwald* mention an instance of so high a 
gum content of a syrup that this liquid coagulated to a solid block after being 
acidified with acetic acid and heated in the laboratwy. Evaporation was 
greatly interfered with owing to the presence of that body. 

Canos grown in some districts contain much gummy matter, while some 
varieties of cane, s.g., the Uba, are exceptionally rich in this substance. When 
this is known, a much larger quantity of lime may be used in clarification and 
the excess neutralized with sulphurous add. The heavier precipitate drags 
ttic gummy matter down into the mud, the^juto is rendered limpid, and the 
molasses can be exhausted to the usual low purity. 

Repeated BoUlng of (be same Melauee.— When the same molaases is 
repeatedly returned into the massecuites it bcccmies sticky and difficult to 
separate. The foUowing analyses of a fresh molasses and of one that l)as been 
a long time in circulation, both from the same factory, may explain the reason: 


Brix 

Fresh 

Motwes. 

87-62 

MoUsm a loog 
Time* in 
CircuUtioD. 
79*56 

Dry substance 

83-51 

76-47 

Polarization .. 

36-00 

39*80 

Apparent purity 

4109 

50-03 

True purfty .. 

43*11 

52-06 

keducing sugar 

2700 

20*80 

Ash •. 

5-22 

4-74 

Soluble ash 

2-25 

2-01 

Insoluble ash 

2*97 

2-73 

Silica. 

0*16 

0*19 

Iron oxide and *alupina 

0*68 

.... 0-48 

Lime. 

0*84 

0*80 

Carbctfiic acid in the ash .. 

0-75 ' 

0*59 

Gummy matter 

1-94 

1-90 

4 


The molasses which has been in circulation a long-time contains more 

• Jtf» )is. 
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water and sucrose than fresh molasses, doe to the addition of **pCl(^ng 
water'' and solution of the sugar, which in itself is an indication that the 
molasses were gummy, otherwise purging would not have been necessary. No 
increase of gums could be detected by analysis, but a much larger amount 
of dirt settled from the old molasses when solutions of U)e two samples were 
kept for some time. 

100 grms. of each molasses were dissolved in 100 grms. of water and the 
solutions allowed to subside in conical glasses. When the deposits ceased to 
inaease in volume they were measured ; that yielded by the fresh molasses 
was 2*4 C.C., while II *6 c.c. or hve times as much was obtained in the other case. 
The deposit consisted of a slimy substance, containing fragments of incrus* 
tations and of decomposition products. . It is true that a portion of molasses 
is withdrawn daily from the course of manufacture and replaced by fresh 
mola&ses. but the dirt seems to accumulate in the circulating molasses and 
renders them so much more sticky than fresh molasses. The remedy is. 
of course, to reduce the quantity of molasses in circulation* and thus avoid 
the repeated re*boilings. 


DefleKsnt* Clartflaatlon.—If insufficient attention is paid to the subsiding of 
the syrup, or to the steaming and skimming of the molasses, a considerable 
quantity of a ge^tinous substance remains suspended in the molasses, rendering 
the same very sticky and difificuJt to separate from the crystals. 

The composition of such mola.sscs follows here:— 

Brix 86*1 

Polamation. 30*8 


Purity .. 
Reducing sugar 
Ash 

Soluble ash 
Insoluble ash . 
Gummy matter 


86*1 

30*8 

36*2 

20*4 

9*1 

6*00 

3*01 

2*08 


The figures are normal, and do not aQord any due as to the inferior quality 
of the molasses. It was, however, very dull in appearance and viscous, while a 
conaderable quantity oi dirt deposited from a solution in water. A large 
qua&tl^ of the molasses was diluted with water, and after a few days' rest the 
supernatant dear solution was decanted off and anal 3 rsed. The reddual dirty 
liquid was teought to the same density and also«analysed. 

In the subsided dirty portion we find an inCrease in silica and organic lime 
salts, the other constituents beingpresent in much the same proportiMi in the two 
Uqoids. The viscosity, v^ch is here the principal factor, is much greater in the 
dirty hquid, the rate of flow being four times that of the dear liquid, and it is 
tbe^ore not astonisl&ng that notwithstanding a normal chonical composition 
sudi molaases are very difficult to cure. 
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Brix ., .. ., 

Qear Portioa. 

66-7 

Dirty Portioa. 
66*8 

Dry substance. 

60*9 

60*8 

Ash . 

6*9 

8*6 

Soluble ash 

4*45 

4*5 

Insoluble ash 

245 

4*12 

Alkalinity of the ash as CaO.. 

4*18 

5*51 

Silica . 

•0*23 

0*5 

Lime . 

0*84 

1*5 

Magnesia. 

0*15 

0*16 

Sulphuric add. 

0*15 

0*15 

Iron oxide and alumina 

0*42 

0*72 

Gummy matter .. 

2*40 

2*21 

Viscosity (rate of flow) 

11 min. 15 sec. .. 

47 min. 


It follows that good clarifkation and subsiding of the juice, comlnned with 
careful clarification of the syrup and first molasses, can eliminate these gummy 
and sticky substances, so that such inferior final molasses do not occur. 

t 

Vlseodty.-^In discusaons regarding the yield obtained from low«grade 
massccuites, especially when deficient, too much importance is attached to the 
viscosity of the molasses, and in many a case this property b made responsible 
for every inferior yield of sugar from niassecuite. A high quotient of purity 
of the exhausted molasses b explained away on the assumption ^at the 
molasses b so viscous that a high sucrose content cannot be avoided. The 
author docs not believe that the viscosity of juices and syrups is sufficient to 
hinder crystallization, but rather that cardcss treatment can cause any molasses 
to become viscous. 

It is a well-known fact tliat the viscosity of pure sucrose sdutions increases 
with the concentration and decreases as the temperature rises, and that thb 
latter decrease b stronger than the fonner increase. * 

Inflaenoa of Temperature on ^seostty.—The same thing b also true 
mola&ses, and the table given below shows how even a slight difference in 
density of a solution of a given molasses causes a considerable difference in the 
rate of fiow of 200 c.c. from an Engler's viscometer. 

Cane molasses: Brix, 83*2; polarization, 250; reducing sugar, 30*8; 
ash, 6*13; diluted to the Brix degrees mentioned. 


Rfix. 

• 

Mina 

Sflca. 

72*62 

• • Rate of fiow 

.. 22 

46 

71*15 

♦ • 18 

/. 20 

44 

71*07 

♦ • II 

20 

2 

70*82 

♦ ♦ II 

. W" 

0 

70*72 

18 

• 18 

85 

65*30 

88, 

6 

55 
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Cane molasses; Brix, 80*2; polaruation, 31*2; reducing sugar* 26*9; 
ash, S*34; diluted to the Brix degrees mentioned. 


Brix. Mina. Sees. 

70*12 .. ; Rate of flow 26 44 

6995 26 11 

69*63 .. ..26 45 


The undiluted molasses was far too stiff to flow from the viscometer, and 
the experiments were for that reason continued with concentrations of 66-70 
per cent, dry substance. 

A number of molasses were diluted to about 65 per cent, dry substance, 
and the rate of flow of those solutions; and of sucrose solutions was determined 
at the temperature of 28* C. 


VISCOSITY OF VARIOUS LIQUIDS HAVING THE i^AHK DENSITY. 



* 

a 

Briv. 

Dry 

Subetance 

.PolaritA* 

tion. 

1 

Rnlocing 

Sugar. 

Ash. 

Gummy 

Matter. 

Fate oi 
Flow. 

Molasses 1 .. 

♦ 70*3 

66*0 

23*4 

26*9 

Ri 

1*87 

Mins. Sees. 

16 30 

Is 

2 .. 

609 

66 06 

260 

30*9 

6*77 

1 00 

20 20 

PP 4 

3 ..| 

69*9 

64*96 

26*6 

24*4 

7*38 

0 48 

22 25 

IS 

4 .. 

690 

66*24 

27*3 

23 6 

6*37 

1*80 

24 11 

II 

6 .. 

70*7 

6608 

20 62 

26*5 

718 

1 

1*85 

18 35 

Sucrose 

4 4 

650 

66*9 

650 

— 

— 


8 57 

II 

4 * 

70 3 

70*3 

70*3 




24 10 


VlMOsHy of CoDStitaents of Molasses.—These results show that for the same 
dry substance content, the viscosity uf different molasstis does not vary much, 
but is higher than that of sucrose solutions ha%nng the same dry substance 
content. But the non-saccharine impurities of the molasses evidently possess 
3 higher viscosity than sucrose; so in order to ascertain to which cmistituent 
this property was chieEy due. the author determined the rate of flow of a number 
of substances in solution of 66 per cent, at 28* C. 

» * Mins. Sms. 


Sucrose.. .. >. . • 8 16 

Glucose • • 6 33 

Fructose 4 40 

Sucrose* and Glucose (equal weights) •. 7 39 


Concentrated " dunder fr^ a cane sugar molasses 

distillery .. 43 10 
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Thi* substance which accounts for the increased viscosity is therefore one or 
other of the complex non-saccharine substances, and not the reducing sugar. 

The analysis of the concentrated '* dunder/' or residue left behind in the still 
after the distillation of fermented cane molasses, was as follows 


Dry substance 

Per cent. 

6L3 

Reducing matter 

3*3 

Ash *• «• 

.! 1513 

Soluble ash 

3-40 

Insoluble ash. 

11-73 

Carbonic add iu the usb 

2-38 


It therefore contained some unfermented glucose as well as caramel, 
decomposition products of sucrose and glucose, and salts. Half of these salts 
were combined with organic and the other half with in<vganic adds. 


Vlseoslty Inereased by ImpurltlM.—10 per cent, of the diScrent substances 
were then added to a 05 per cent, solution of e^ual parts of sucrose and glucose, 
and the viscosity of the mixtures determined at 23^ C. * 


5\)betance$ ef which 10 per cent, is added to the 
65 per cent. Sucrose and Clucoee Solution. 

Degrees Brix 
of toe SdutiOD. 

1 Hate of Plow* 
Mins. Secs. 

Sodium carbonate 

1 

1 « * » 

76*25 

30 

23 

Sodium chloride. 

• * • * 

73-9 

11 

40 

Ammonium chloride 

4 9 9 * 

65*3 

5 

0 

Caldum chloride 

• « • • 

76-8 

27 

5 

Magnesium chloride 

• • 4 9 

67*7 

8 

27 

Barium chloride •. 

a * 1 ^ 

77-0 

0 

26 

Pota.ssium oxalate 

• 4 « • 

76*3 

11 

60 

Sodium glucinate* 

4 * 9 9 

70*61 

16 

15 

Potassium glucinate* 

• • 9 • 

: 69*85 

10 

6 

Caldum gludnate* 

9 4 • * 

69*45 

' 22 

0 

Dry substance from " dundcr " .. 

4 9 *4 

68*45 

15 

40 

Gum 

9 4 4 4 

66*9 

78 

0 

Sucrose and glucose 

9 4 4 9 

1 

67-8 

46 

0 


As stated by Claassen.f sodium salts increase the visccsity more than 
potassium salts; and again, caldum salts more than sodium salts, as is very 
dearly shown by the organic salts used here. • 

• rw cMuM ««• by betMoi i MhiUea with ttM dl tSt cMVitt* SMOMOtltte 

q| tte ndoctot tupt •ad tM to am tte* laia tto poiaah md ted$ mH by aatta eC |iWtpwiin, tad 

•odlflO) caiteuta. 

t **Mtacte. Mmnikmn^, 


" \m, SIS 
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With the exception of gum (which, properly speaking, docs not befong to 
the class of constituents examined), sugar is the most viscotis. Of the different 
substances added to a 65 per cent, solution of sucrose and glucose, the viscoaty 
was greatest when the addition consisted of snerose and glucose. 

Density the Greateet Faetor.—This seems strange in view of the fact that 
pure syrups (in which sucrose is cbicfly represented) arc much less viscous than 
impure ones, in which fhe other constituents are accumulated. But this 
apparent contradiction is explained when one bears in mind that a pure sucrose 
solution cannot contain more tlian 66 per cent, dry substance, while impure 
molasses can contain even S4 per cent, and over. The greater viscosity of 
impure molasses is. therefore, due not so much to certain substances having a 
high viscosity, but to a higher den»ty than a saturated sucrose solution can 
attain. 

As the content of dissolved substances greatly influences the visco^ty, it is 
necessary to examine the viscosity of mola&ses in an undiluted state, since a 
comparison of the viscosity of molasses which are diluted to the same dry 
substance content affords no cluj to the viscosity of the undiluted molasses in 
the practice of sugar manufacture. 

As the minute crystals present in factory molasses interfere with the 
viscosity test, the author had recourse to the scries of artifldal molasses, which 
had rendered good service in his studies on the formation of molasses.* 

A i^umbcr of mixtures wem prepared from sucrose, invert sugar, water, 
potassium acetate, and calcium chloride (in which the amounts of potash and » 
lime were Identical), and allowed to stand until all the sucrose which was 
liable to crystalliae had done so. The saturated mothcr-liquors were poured 
off from the crystals, analysed, and tested in an Englcr viscometer at 28^ C. 

The figures express the rate of flow of 200 c. c. of the liquids. * 

The experiments showed that viscosity mcrea.scs with the amount of dry 
Substance, but not in direct proportion. is shown by the table underneath. 


Day Sudstance. 

KAtB 09 Flow. 

' • 1 — 

Day Substance. 

Pats or Flow. 

681 

Hoon 

0 

Mias 

14 

Secs. 

23 

763 

Hours. 

I 

Mins. 

21 

69*3 

0 

16 

30 

76-77 

7 

1 

704 

0 

33 

0 

78*73 

4 

2 

7219 

0 

36 

0 

«79-6 

33 

16 

n<yr 

3 

11 

0 

80 87 

10 

6 

74-0 

5 

13 

0 

82*6 

22 

11 

74-93 

1 

2 

45 

0 

83*17 ! 

66 

4 

76-16 • 

1 

1 

19 

0 

86-0 

118 

0 


• ’*i4t Sbcv ina 215. 
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It IS a peculiar fact that for a ^iven dry substance content the saturated 
solutions containing salts have a greater viscosity than those which only contain 
sugars, while in the table for unsaturated solutions given a few pages back* 
the solution free from salt was more viscous than one in which the amount of 
salt was replaced by sugars. It appears that, at high con centra tions^ the 
viscosity of the complex of sugars and salts differs much from that at low 
concentrations. At a concentration of 05 per cent, dry substance, the non¬ 
sugar in the molasses is much more viscous than th^t of a sucrose solution of 
the same concentration, whereas when 10 per cent, of dry non-sugar is added 
to a 05 per cent, sucrose-glucose solution, a much less viscous mixture results 
than when 10 per cent, of the same mixture of sucrose and glucose is dissolved. 
This is another warning against judging the viscosity of the molasses from their 
behaviour in a diluti^ state, instead of determining their viscosity in their 
original, saturated, but crystal-frci* condition. 

In the case of artificial molasses, some regularity was detected in the increase 
of viscosity with an increase of dry substance, but such regularity is not so 
obvious in practical working. There, we sometimes encounter very high 
viscosities combined with comparatively smajrdry-^uhstancc contends, and tliis 
is due to the presence of otfier bodies in the molasses than were made use of 
in tht^ artificial liquids. 

Id nuance ol Quma and Suspended Matter.—'The most prominent among these 
arc gummy substances, decomposition products of reducing sugar, aqd also 
perhaps silica. It is a well-known fact that cane gum and pectin can sometimes 
occur in cxliaustcd molasses to an extent of 6 or 6 per cent., and it is very evident 
that such bodies mi^t increase the natural viscosity of molasses to a consider¬ 
able extctit. 

Tlie decomposition products of reducing sugar also affect the viscosity of 
syTU\)s and molasses. The quantity of silica found in molasses (not exceeding 
0*20-0*30 per cent.) is too small to be capable of incrcasmg its viscosity. 

To ascertain the influence of gum. so much cane gum was mixed with a 
sucrose solution of 00*3 per cent, that its content amounted to 3*86 per cent, on 
100 p<irts of tlie mixture. Dry glucose was added to a second portion of that 
solution so that the dry substance content was equal to that of the gum- 
containing one. The two liquids then contained the same amount of dry 
substance, sucrose, ash. etc., but as in one case 3*86 per cent, of the glucose was 
replaced by a similar weight gum, any diiierencc in viscosity was exclusively 
due to the gum. The rate *of £ow of the gum-containing molasses was SI 
minutes and that of the other 10 minutes 40 seemds, sinewing the great influence 
of gum on the viscosity. An addition of 0*60 per cent, of dissolved silica had 
no influence, while the addition of a heated calcium glucinate ^ution could 
not be ascertained because that substance separated black, greasy flocks, which 
choked up the apparatus and thus prevented the determination. 


»Sw ptc*ua 
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A further cause of viscosity of molasses is due to the presence of finely 
divided suspended matter. Thb was proved by the following experiments, 
in which three portions of similar sucrose solutions were tnturat<^ with 5 
per cent, of finely pulverized sugar, 2 per cent, of fine river silt, and 2 per cent, 
of washed and dried fUtcr-pre® mud respectively. Tlie rate of flow of the four 


liquids was as follows 

Mim. Sees. 

Sucrose solution wUhout addition .18 10 

M M with per cent, pulverized sugar .. 21 0 

„ „ „ 2 per cent, river silt .. 18 36 

„ „ „ 2 per cent, dried mud .. .. 21 0 


This shows how finely divided insoluble substances, sTich as often occur in 
molasses, greatly influence the viscosity and can causi* liirgc diflorcnccs in that 
property when the dissolved constituents arc normal. 

Apart from these differences, due to suspended matter, we arc justified in 
declaring that the viscosity increa.sea with the dry substance content, and tlhit 
a molasses, which has been ovor^concenfrated. has so increased in viscosity 
that muchMabour and tmuble are required to separate it from the crystals 
duritig curing operations. 

Influeoee Temperature.— One factor ha-s so far remained unconsidered, 
viz., temperature. All the determinations of viscosity recorded here are made 
at 28^ C. and relate exclusively to that tempiTaturt'. As Claassen has proved, 
temperature has a great influence on viscosity, esjvciaUy between 16® and 
40* C. In order to investigate this influence three molasses (free from minute 
sugar crystals) were tested at different temperatures with these nsults 






1. 


11. 


s 

in. 

Dry substance 

4 • 

69*73 

4 $ 

72*73 . 

80*60 

Polarization 

4 • 

35*4 

• 4 

28*0 

4 

224 

Gum 

• * 

• • 


5*94 

4 4 

1*7 

2 , 

4 

1 35 



Kn. 

Mins. 

See*. 

lln. 

Mill*. 

S«e*. 

Hn. 

Mins. 

ite of flow 28* C. 

3 

60 

0 

.. 8 

16 

0 . 

27 

0 


36“ C. 

1 

42 

0 

.. 1 

47 

0 . 

19 

40 

$p 

40“ C. 

0 

44 

10 

. . 0 

63 

10 . 

6 

43 

ts 

46“ C. 

0 

29 

10 

. . 0 

36 

46 . 

4 

18 


60“ C. 

0 

20 

0 

.. 0 

^6* 

10 . 

2 

36 


00* C. 

0 

12 

40 

.. 0 

11 

40 . 

1 

30 


We see then the great influence of temperature, especially degrees under 
46* C.: above this ^oint. a decrease in temperature is not so evidently accom- 
panied by an increase in viscosity. 

These researches have taught us to regard concentration and temperature 
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as th^ principal factors of viscosity: and as secondary onas, the content of 
gum and the decomposition products of reducing sugar, also finely divided 
impurities, and fine grains of sugar. It is therefore desirable from a manu* 
facturer's point of view that the molasses be as little viscous as possible in 
order to enable it to be easily separated from the crystals without much washing 
in the centrifugals. This may be accomplished by taking care not to push 
the concentration of the last massecuites too far; or. in case they have become 
too much concentrated, to dilute them witli dilute molasses in a judicious 
manner. 

A water content of 10 per cent, (equivalent to 96^ Brix) for massecuites 
(boiled to grain) after dilution, and a water content of 18 per cent, (equivalent 
to 88^ Brix) in the resulting molasses are the most favourable. 

The cooling must not be pushed further than 45^ C.. and should remain 
preferably a couple of degrees over that figure, as at that temperature crystal* 
lisation is finished, and t^ow that the viscosity increases so considerably that 
cooling down to that point only causes trouble without any compensating 
advantage. , 

The increase of viscosity occasioned by secondary dreumstantes, such as 
gummy matter, insoluble substances or false grain, can, of course, be avoided by 
well-conducted clarification, subsiding, filtering, boiling, and cooling processes. 
Ibus we see that a high viscosity is by no means a property of some particular 
juice or syrup; but, on the contrary, it is within the power of any sugar* 
boiler to keep his molasses fluid and capable of easy separation from tfie sugar 
crystals. 


Dextro^rotatlng Imparities In MoUtses.'-A high quotient of purity of 
exhausted molasses has been attributed to the presence of a dextrorotating 
substance (other than sucrose) in tlic molasses. In all such cases, a careful 
examination has failed to detect such substances ; on the contra^, the direct 
polarization was always lower than the true sucrose content, owing to the 
lovo-rotating invert tiugar present in all cane products. 

Tlie absence of dextro-rotating impurities in molasses may therefore be 
considered as settled, and from the foregoing pages it will be seen that there 
is no reason why the apparent purity of a fully exhausted cane molasses should 
l>c much above 30^, except in the case of an unfavourable ratio between redudng 
sugars and ash. Leaving out of consideration cases where this ratio is 1 *5 and 
thereabouts, we shall only^ hexe conrider the normal case of an exhausted 
molasses of 30^ purity, or 27^ direct polarization. 


Quastity of MoUises.—The quantity of molasses and the loss of sugar 
therein depend, therefore, on the amount of non*sugar in the juice* since an 
impure juice will yield more molasses than a pure one, and we can easily 
calculate how much molasses should be obtained on 100 parts of sugar for 
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each degree of purity of the clarified juice. We assume the poJamafion of 
the sugar to be 96*5 and calculate the quantity of molasses of 90^ Brix and 
80® purity obtained on c^’ery 100 parts of such sugar for different purities 
of the juice. No allowance is made for the loss of sucrose by inversion and 
spilling. Tlie figures between the limits of 77^ and 92*9® purity are as follows 



0 

1 

2 • 

3 

4 

5 

6 

7 


0 

77 

46*5 

46*2 

45*9. 

45*6 

45*3 

45*0 

44*7 

44*4 

44*1 , 

43*8 

78 

43*5 1 

43*2 

42*9 

42*6 

42*3 

42*05 

41*8 

41*5 

1 

41*2 

40*6 

79 

40*6 

1 

40*3 

40*0 

39*8 

39*5 

39*2 

38*9 

38*6 

38*4 

38*1 

80 

37*8 ! 

37*5 

37*3 

37*0 

36*7 

36*45 

36*2 

35*9 


35*4 

81 

351 • 

34*9 

34*6 

34*3 

341 

338 

33*5 

33*3 

33-0 

32*7 

82 1 

1 

32*45 

32*3 


318 

31 5 

31*3 

31*0 

30*8 

30-5 

30*3 

83 

29*9 

29 6 


29*15 

28*9 

28*65 

28*4 

28*15 

27-« 

27*66 

84 

27*4 

27*2 

iSSM 

26*7 

mHWm 

262 

26*0 

25*7 

25-6 

25*2 

85 

250 

i 24*8 


24*3* 

24*1 : 

23*85 

23 6 

23*4 , 

23-2 

22*9 

86 

22*7* 

22*5 

'22*3 

22 0 

21*8 

21*6 

21*4 

21 *2 

20-9 

20*7 

87 

20*6 

mM 

20*1 

1 ^ 

19*7 

19*45 

10*2 

19*0 

18-8 

18*6 

68 

18*4 

1^*2 

18*0 

17 8 

17*6 

17*4 

17*2 

17*0 

16 8 

10*6 

89 

16*35 

16*2 

1 

16*0 

15*8 

15*6 

15*4 

15*2 

15*0 

14-8 

14*6 

90 

14*45 

14*3 

14*1 

13*9 

! 13*7 

13*55 

13*4 

13 2 

130 

12*9 

91 

12*6 

12*4 

12*2 

12*1 

11*9 

11*7 

11 *6 

11*3 

11-2 


92 

10*8 

10*6 

10*45 

10*3 

lOl 

9 95 

9*8 

9*6 

9-4 

9*3 


Leu of Sugar in Molasses.— At a juice purity uf 77^«not less than 40*5 
parts of exhausted molasses arc obtained per 100 parts of sugar, but this is 
reduced to 9*3 at a juice purity of 92*9®. 

To find the probable loss of sugar m molasses these figures arc multiplied 
90 y %(\ 

hv_ = 0-27. and the probable loss on 100 of cane is found by multi- 

^100X100 

plying that product by the yield of sugar per 100 cane, and dividing by 100. 

A factory recovered 10-95 parts of sugar per 100 cane and the purity of 
the juice was 85-3°. The probable quantity of molasses on 100 cane 

was therefore ^ 2-66 parts, and the loss of sucrose = 0-72; 

100 

that the purity of tlic final molasses was 30*. the polarization of the 
sugar equalled 90-6°, and that no sucrose was lost by spiUing or by inversion. 

The statistics of the Mutual Control of Cane Sugar Factories in Java show 
die fdlowing losses of sucrose in medasses for the last few years 
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Year. 

1 

Purity of the 
clarified 
juice. 

Sugar 
made on 

100 caoe * 

Loss OF Sucaosa nv Motassas. 

On 100 caoe. 

On 100 
Sucrose 
in cane. 

On 100 
Sugar made. 

1908 

85 r 

10-30 

0-97 

7-89 

9-42 

1909 

85-7 

10-26 

0-92 

• 7-57 

8-97 

1010 

80*6 

10-76 

0-98 

7-81* 

O-ll 

1011 

86-3 

10-80 

0-96 

. 7-55 

8-89 

1912 

83-2 

10-21 

M6 

9-39 

n-36 

1913 

82-7 

10-00 

1 22 

1 

9-73 

12-20 

1914 

8M 

9-76 

1-01 

8-48 

10-35 

1915 

83*5 

9-65 

1-09 

9 38 

11-30 

1916 

86*7 

10-42 


6-84 

8-16 

1917 

87-3 

11-00 

0-91 

7-11 

1 

R-27 

1918 

87*0 

11-68 

0-94 

6-05 1 

8-05 

1019 

88*3 

10-44 

0-90 

« 

7-27 

8-62 

1920 

86 9 

11-13 

0-93 

7-11 

8-36 

1921 

86*9 

11 51 

1-01 

7-16 

8-77 

1922 

86-2 

U-08 


7-62 

8-84 

1923 

86-3 

11-43 


6-09 

7-00 


* HoUfiMOoa « % y. 


IV.—Utilization of the Molasses 

1.—RECOVERY OF SUGAR FROM MOLASSES 

Extrsetlon of Sucrose frocn MoUms.—Since about 8 per cent, of the sugar 
present in the cane is lost in molasses, it is not surprising that attempts have 
been made to extract this portion also. Experiments made on a small scale 
with a >new to separate salts 0^4 sucrose by osmosis have not led to favourable 
results. 

8tellen*s Bxtraotloa Procasa*—Experiments with Stefien's extraction process 
and similar methods, which have proved successful with beet molasses, have 
been unsuccessful in the case of cane molasses, because of the high cont^t of 
redudng sugar and the requirement cf low temperatures. 
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D^guldt*! Froe6U» —A new process invented by Deguide* ains^at the 
precipitation of sucrose from molasses by means of baryta and decomposition 
of the separated barium saccharatc by carbonic add. As, however, the reducing 
sugar is a serious impediment to the proper separation of the sacdiarate, the 
former has first to be got rid of. To this end the cane molasses is diluted with 
four times its volume of water and boiled for one to two minutes with a 
solution containing twice as much crystallized baryta as the quantity of redudng 
sugar to be eliminated. Jlie liquid is filtered and the filtrate, which now is 
practically free f^m reducing sugar is evaporated to a density of 40^ Baum4. 
At a temperature of 63^ C., so much of a hot and saturated solution of baryta 
is added that the amount of the latter substance is 1 *2 times that of the sucrose 
in the molasses. The mixture solidifies to a porous cake of barium saccharate, 
which gives off freely the mother^liquor from which it is originated. It is washed 
with a hot 2 per c<mt. solution of baryta till all of the mothct’liqnor is removed. 
The yellow-coloured sandy predpitate is mixed with its own weight of water 
and decomposed by means of a current of carbonic acid gas, till the reaction 
of the liquid is no longer alkaline. After filtration from the predpitate of 
barium carbonate, the sucrose solution is, evaporated and boiled in the usual 
way. 

The mother liquor and washing waters are also carbonated, and filtered 
from the barium carbonate thrown down during that operation. 

The liquid is evaporated, caldncd and worked up to potash salts, while 
the total barium carbonate obtained is dried, mixed with silica and burnt at a 
high ttoperature to form tribarium silicate: 

3 BaCO, + SiO, » (BaO)j SiO, + 3 CO* 

When this is boiled with water, it is split up into monobariiim silicate and 
baryta, which latter may be used again in manufacture. 

(BaO), SiO^ + 2 H,0 (BaO) SiO, + 2 Ba (OH), 

Beet molasses treated in the way described here gave up 95 per cent, of its 
osucrose content, but on treating cane mo]a.<w<;es the redudng sugar was found 
to give trouble. 

An experiment with Java molasses containing 32*50 per cent of sucrose 
and 28*50 of reducing sugar showed that per kilc^ram of molasses 600 grams 
of baryta were required for the destruction of redudng sugar and 500 for the 
predpitatioc of the sucrose. 02 per cent, of the sucrose or 300 grains was 
recovered in a solution of 99^ purity, which has therefore necessitated the 
employment of almost four times its weight of baryta. 

When considering these relations between sugar extracted and chemical 
required, one shotild bear in mind that in many countries the profit obtained 
by extracting sugar from molasses is not exclusively due to the value of the 
s^ar,' but chiefly to the diflercncc in duty levied on sugar from the roots or 
from the medef^ses or from sugar imported and domestic sugar. A change in 
the tarii! may at tmcc wipe out the profit by extraction of molasses and 
turn it into a loss. 

• AIM Mvwte*. '• cSii&ule.** Mtttk, |«24. Y 
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2.—USE OF MOLASSES AS FODDER 

** MolafeulL’*—Eschaosted cane molasses is readily consumed Ify borsea« 
mules, oxen, and sheep, but the great difficulty is to store and transport the viscous 
fluid and to divide it into proper raticms. An iiDportant step was achieved by 
Hughes, who found that a mixture of flne bagasse and molasses formed a dry 
med, having a high sugar content, and suitable for storage and transport in 
bags without sweating or staining the packing material. 

This product, named Molascuit,*' consists of a mixtiJe of 7fl parts of 
molasses and 26 parts of dry, fine parenchyma fibre (pith) of sugar cane. It 
should not contain less than 46 per cent of total sugars (sucrose and reducing 
sugars) and not more than 16 per cent of moisture. The mixture should be 
homogeneous and dry, so that the bags In which it Is transported do not sweat 
nor become stained, while the molascuit itself should not become sticky, nor cake. 

Preparatloit—The principal condition is that the fibre be excluavely from 
the pith cells and not from the fihrovascular bundles, because, as we showed on 
page UO, the absorptive power of the latter is so much inferior to that of the 
former. Further, the fibre frum the parenchyma or pith cells is much more 
digestible than that of the bundles, which moreover exert an irritating action on 
the intestines. The fine bagasae (chiefly from the fibre of the pith) can be 
obtained by sifting the green bagasse as it comes from the mills. Large sieves 
of coarse gauze are placed under the slide of the mills, the bagasse falls on them, 
and the finer parts pass through. This fine bagasse is dried to 90 per cent, of 
dry substance either by hot air, or by steam, or on the ebimoey flue, afta* which 
it is sifted again, if necessary, and mixed with hot concentrated molasses of 
88^ Brix (86 per rent, of dry substance^. 

i 

3.—USE OF MOLASSES AS FUEL, o 

% 

Calorlfle Values,—As molasses contains about 70 per cent, of organic sub¬ 
stances, many attempts have been made to use it as fuel. The calorific value 
ot molasses containing 9*28 per cent, ash, and 19-4 per cent, moisture, was 
found to be 5515 B.T.U.; or. calculated to 100 parts of dry organic matter, 
7360*4. It 15, theretore, superior to that of sucrose (7119). and equal to 80 per 
cent, of that of cane fibre (8560). 

4 . 

Mlxii^wlth Bagasse •^The use of m^asses as fuel presents certain difficulties; 
it bums very badly without addition of some othek* fuel, and, when 
with bagasse, forms a voluminous mass of coke, which ch<Aes up the grate 
and hinders the free access of air. At a high tempmture the lime and alkali 
of the molasses ccxnbine with the nlica from the bagaseO. foiming a kind of 
glass, which covers the grate bars and again prevents the admiseiM of air. 
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In some factmes, where the bagasse was sprinkled with molass^ on its 
pasaa^ from the mills to the himaces, much labour was necessary to clear the 
furnace and remove the slag from the grate, so that in every instance the 
addition of mola&ses to the bagasse was discontinued. 

% 

Speeitl HolaaiH Furnaces.—In very large factories it will pay to build 
special molasses furnaces, such as are used in several cane-growing countries, 
and were described in flic Hmaiiun Planters* Monthly of December, 1903. 
These furnaces have no grate, and the air enters under the fuel through holes 
made in the walls. The mo)a.<iscs are either blown into the furnace by moans of 
a steam jet through a kind of injuctor, or arc poured upon an Iron plate in 
front of the fumacc. allowed to dry. and Ihcnce shovelled into the hrc. This is 
started with a little fvewood. but, once being lit, it is kttpt burning with the 
dried molasses. Tlie combustion is perfect, the ash hiio and almost free from 
carbon, ^Chile the heating power of two parts of molasses is approximately 
equal to one part of dry firewood. In most ca.scs. the amount of available 
molasses will be insufficient to furnish fu(4 for one boiler, so that only very 
large factories can profitably adopt this practice. 

The ash is very rich in potash, containing as much as 35 per cent, of this 
constituent. It may Uiercfore be used by gla&smakors, and {after being refined) 
by soapmakcfs, or as a fertiliser. 

4,-^MOLASSES AS RAW MATERIAL 1*()R KUM PRODUCTION 

The principal application of waste molasses is in the manufacture of rum 
Gt arrack in countries where the cxdse regulations permit of tJiis, and where 
there is a market for the distilled product. As this industry is quite distinct 
from sugar making, we shall not enter into a discassioii of fermenting and 
distilling here, although these form a very important^item in many sugar 
factevies. 

e^USE OF MOLx\SSES FOR MOTOR SPIrYf PRODUCTION 

A new use for alcohol has sprung up in recent times as liquid fuel for com* 
bastion motors. Common denaturated alcohol could not be used as a reliable 
combustible in such motors since its heat of combustion is not sufficient to 
guarantee the steady supply of gas. This may, however, be remedied by 
mixing the alcohol with a |»oper quantit)^ of*a more volatile body such as 
naphtha, benzol, ether^and the like. 

A mixture patented in many countries is ** NataUte," consisting of 

Alcohol (95 per cent.} .. 54*50 

Ether.45-00 

Ammonia .. •. 0*50 


100*00 
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White io past times the manufacture of ether in a tropicaJ stigar factoiy 
was a rather awkward operation, owing to its volatility, the introduction ot 
automatic plants, in which the ether vapours are cofidensed by alcohol and 
which turn out a single product, via., finished alcohoi*ether, have greatly 
reduced the danger of rooflagraiion. Besdes mixtures of alcohol and ether, 
a great many other mixtures of alcohol and volatile bodies have been success¬ 
fully put on the market and are doing good service. 

Instead of lowering the boiling pennt of alcohol by means of ether, raising 
the heat of combustion by addition of hca \7 hydrocarbons. e.g., petrol, may 
also serve the purpose. In order to obtain mixtures erf alcohol and petrol, 
which are stable and do not separate into two layers on exposure to low 
temperature, it is indispensable that the alcohol should be anhydrous. Up 
to a short time ago, the preparation of absolute alcohol was a wasteful and 
expensive operation, but now it has been found possible to separate the 95 
per cent, alcohol into its two constituents, viz., anhydrous alcohol and 
water, in a practical manner by a continuous method. 

When distilling a mixture of 95 per cent, alcohol and benzene, or any other 
suitable liquid, in a rectifying column, the distillate may be divided into three 
fractions. The first consists of a ternary mixture of water, benzene and alco¬ 
hol, of which the boiling point is lower by at least 10^ C. than that of alcohol. 
The second fraction is a mixture of very little anhydrous alcohol and much 
benzene, while the third portion consists of pure anhydrous alcohol. 

The first fraction passes into a decanting vessel in which it separate into 
two layers. The upper one. containing a large proportion of benzene and a 
small quantity of alcohol is returned into the column in order to extract a 
further amount of water from it. Ibe undermost layer, consisting of water, 
alcohol and very little benzene, is rectified in a small column and separated 
into water and alcohol of 95 per cent, contaminated with some benzene, which 
is returned to the fifst column again. The second fraction goes back into 
the column too. Mixtures of this anhydrous alcohol and heavy hydrocarbons * 
may be used as motor spirit and will not separate out again, 

b.-USE OF MOLASSES AS A FERTILIZER 

Some estates employ molasses as a fertilizer, as a means to break up 
rocl^ subsoil, thus facilitating tillage. When used as manure, molasses b 
amply poured over the earth on the banks. 

\ 

7.-CTHER USES 

All attempts to manufacture gas from molasses have tailed; nor can molasses 
be used for the manufacture ^ cyanides and other nitrogenous substances 
as is the case with beetroot molasses, because it contains only tricing amounts 
of nitrogen. * 
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Revolntionizing Sagar Refining. 

THE QKNKRAL NORIT OOMPANV ANNOUNCES THAT IT IS NOW PRO- 
UUCINQ A NEW TYPE OF CARBON ALSO POSSESSING THE KNOWN FIBROUS 
STRUCTURE. WHICH IS A STILL BETTER FILTERINQ MEDIUM AND HAS 
A DECOLORIZING CAPACITY 6 TIMES THAT OP THE WELL KNOWN 
ORDINARY QUALITY NORIT. THIS SUPRA MORIT IS UNEQUALLED BY ANY 
OTHER DECOLORIZING CARBON OR BLEACHING MEDIUM ON THE MARKET. 

NORIT PROCESS REPLACES BONECHAR PLANTS ALREADY INSTALLED— 

WHICH HAVE BEEN ABANDONED. 

Cam Sufar and Bant Sufar ReflnerJen—<licr hiving appliol the NORIT PROCESS 

for a nniiiiier of ycai«—bavu atanilonetl ibeii boorcbar plaDte anJ have lepUccJ »aine by 
inMn!laiiou» to lebnc raw su^ar Uk NORIT PROCESS only- 

The malii advantasei ara: A much MtiJlrrehai plant am) lajildine u* boujie taiBcrd^uM. 
r<r>iin^ Icns ; accelcruti.il w<wk aui) much 'uiulk'r t^vettUtrt ■ larcer yicM of »U|;ar; lean 

swevivatiT iiftil no »l ^|unitdympnraiinj» the awveiwater; ill ■wcctwiicr n pun; an<t clean 

unil Ik liv'd cnliicly fu< melt inf vifir, m that tlxic* k on esceev of aovet water; elimiitatini' Ihe 
hlliHtmii uvvi cUrtn ■<< llw liltiaiMa ami decnloitaaikM of melted Injiioi are done In ana nperatMi i 
Kiiiall amount of cm km in ciTrulatloit ami tv fehum dally; km conMiiiipthm 4»r xtean aad fuel. 
fTKiiUin^ ill a luct^ivinf til alswt ’ih jivt rent aa com|iarcd with iKwecbai work, kleltcd llquon can 
Ih; ccnnofiiircdly riheiril ul larfa rata and iletolori/cd at the aanie lime at ilcnMiire up to 70* Bnx 
for licet arnl ram.' Mii;ar vilutionK. like total ctixt of refining by the NURIT PuOCRSS L 
IcKx ilwin when aimliinf honechar. It k pOMtldc by I be NOKiT PROCESS to also refioe 
uruiKMiiicaily Kniulf ipMiiliiieK of law sul;.u ibiK. 

Refined tugtr made by the NORIT PROCESS J» ai}ual ta the baat banechar 
franulated Msar. All icradea, aa cubaa. loavaa* folden ay nip, ate., can alaa 
be manufactured. * 

MOflir U n vciti'tHl»lr itn olordliiK r«rh»i* in ■ line -tele ol iiiih<dlvtriigM. bmA the wnly aTHtlAbte 
oarlmii Hint iHtMi'sw * apealnl <eiaeaMO> atneeturw ami neubhie- Uio phiiwrUea of Iwhie an 
imcMM«llcO III ten MK lunllnm nvd an gtreiirnt decotnriti'r, nliieli eMibion »uveein>lully and wklUuit 
i>n3 uih’aUou tlir ikUialinii aiul (te<*vli>naalicni of «ui:ar tii aixa ot'eniUni. * 

NOaiT Ih tliv aMhr vcuruhlc fartaui wUh adi«*itU>naliia imivee m nu b> thnna Uiatnf boiterhar 
im tlii'.iMuhtjrul >iijtarlr*«lari and »•» llOMT UH«d», NOlItT d actually In 

l«ra<nn'o re«l'HW'»l hy rrlMmlMK hkht I ban Mai iiniex, and aflor raceueralioii auci'eftMiutI/ u«ed over 
npnkn Tbn di'rntnrUtnjt naiieriiy nf IwneeUar rao unt be eihauabal iu praetiru ae niurfi ae Uiatof 
NORIT. After a i»re-IIIUvUnit uver rinUi. uv ocr caiiL re-p lA tier rent, ol huDOclier ta wanted U> 
ncr'MiiifllaU the •niue r»'>nU n( dm»U»nsatl«»n of vaaliod rane aiifar nvp. tieut euear melt to nmduee 
Um bn«t rvDtiinl .nienrH inrc&jNirl ax about I A per font of urdinarv NORIT mi rane and o-%\ - i ner 
I'oni. of onlinar)’ NORIT on lK>et encar. dokitf Uic dltmUiK) and deunloriaatton tn wna nitration. 
Tlio akivre nieanx tliat 11b id NORIT Ik ipiod ior eUwt awOlbx. of raw aufAr, ami Uiat I ib. of booeebar 
i« K'nol lor on I j aligiit 4«nUm. of raw auear 

The coft of • NORIT loetallttlon U about one«fltth of that of tR iRCtallatloa 
under the bone .char ayateni* A Nt>Kir inxiHlIaiimi ciidmkIx mainly ot mitine unka nrO 

fillfr.|MrMH.>, Ihe mifv csv'niial RmchuKry not alrcmly available in a mvauaar IxmNC \» mahilyour 
pntrnleii icbuinmi* kiln and an acnl vat tv re|*eneralc the ^pmt NOKIT. 

Any Kaw IkiH or Haw (fane Sufar Kactmy can-with NORIT VU(K!ESS-|>mdece U« own 
ii'finfil tiranulAtvil vuaai in a tfiutnlicy ami a ijaalily c(|nal to oi beller than that rdMaiovd by Ibe 
l>f>l i.'4|iii|>jwd anil ]x\l mnnapM booechar rehnrry, and at a much lower coxt. 

NORIT PROCESS USED IN CONJUNCTION WITH EXISTING 

BONECHAR PLANTS. 

Cane Sn^ar and Bert Supr RcliBeTie* are UMOg NORIT Id coojiuction with booeGiar. It 
lionrcbur plants are nhcady avatbhlc. 

The main advantefea are: KeplaceiDcnt of eriurag cloth pre-filtration hy t NOKIT 
fillralioii which canv> also a largo^ilecolofiaatkin, whicb eoahlea to either reduce ihe oae of 
Ivmci'bai tiy almul 60 jirr cent., or to Incoeue the capacity of tbe bonechar plant by 60 per ceot, 
allowing working ap morv Migar. Eilber cane i> adraBtaKCoes and involvce large aavio^ ia coN, 
ionvaae gf sug^i vield ami improvement i& the quaKtr of refioed %uav prortoeed. 

The NQRIT hROCKSS applying Nohl. a vegetable highly actiratea and ftbrotu carboo and 
rvvlvirybig aaiTK’Tor rC'UK ia l>! tfSK SINCE 1911, aod IS STILL THE ONLY PROCESS 
IN I^HACTICAL USE IS THE CANE AND BEET SUGAR INDUSTRY whmby 
duccilnrising earb<m. other thin Ixmechar, it ned and ic*uied after levivtficatioa, i 

GEIYERAL. 107ORIX CO., I^td. 

Head OHket deo Tevatraat t, AMSTERDAM. HoUaatf. 


See alee patee nUi lo rkU» 




An rnri Binn2<t«. 



WE MAKE OVER 200 TYPES OF PLOUGHS TO SUIT DIFFERENT 
CONDITIONS OF SOIL, CLIMATE AND CROP. 


INCREASED 

CROPS 


increased 

PROFITS 


THOROUGH CULTIVATION 
AND SCIENTIFIC-MfeTHODS. 

M«k* •rranaemenU for to •ond an •xporl rjprjaantativa 
to insDOCt your land and racommend »o»tabla Machinary tor 
oblfininv tha baat poaaibla raauila, or wnta for Catalogua to 

JOHN FOWLER & CO. (Leeds), Ltd 

Engineers, LEEDS. 


AnvuirvBint^ 




KANSOMeS* RIIMIINO PLOUGHS. 

In I Vfti U t\ lit «i ighK <inI v iIN ) u* l«i m* * i 

Ha IgliailgllC l»tH fd ID lliv I M( «l lit 

WOlU lll^ llln^l liMNI Hli 1V|H lltiHlllll 

lit (Ui I i 1 1iidi<'« 



RANSOmhS* f. and S^ROW Rl DOERS 

I II tuiMil ni dtaiigia 44B h« 

flUtd oiMiihb tm *11 plassts ol woik aod fai 
«M)iui, widlha M iirigca 



KANSOML.V EXPANDING DISC HARRO^X. **QUbEN** tnd '^ROYAL.** 

H \ei Mih HtMki id lit < nU*\ ilna Itlwtt n i ««• H kumin,. 4 in| k vliwli Ihi 'oU lo b* (ak^u 

III iWiom m Hirnuii loH ml Uhm tti ill(n.<taU Iht riut^n IUk Urtil li»> «i lil(rtJ 9 ) ai<ll 




RANSOMES* DISC PtOUOHS. 



• RANSOMES* CULnVATORS* 

^ Hobj \ la »iBJiirti /.« « iJUf' u nniitwmik f« •dIauU oi tmtor dniigbl. 

tliBUglil ilit kDIPt'ing iiiiitjiArA ihf) ' IMbbUms Ho t.* o iCIm 

•diM HIIU •aiunung .w«.t«v lot USB .ab JhSu um !.•?%«£ 

II 10 Bimtb GhUm 

AIm> MAiiufuloiii' M 

ALI bllH }*HU (lira loi buakmi no fK% lai»d fw tfilwal 01 trtCWrdiMibi 
ItUinalh «iuOi>lu>dlHtl HULlllHDUUR BCntEKI, oie, Ht 
Hiri/ bH friMfoAH t oAt/agM Htofnif vtfb t»4 ^ tVooffiil Oip 

RANSOMES. SIMS A JEFFERlEUtl, IpswleR, Eb| 1 uI. 







A. & W. SMITH & CO., Ltd., 

EOLINTON ENGINE WORKS. 

. GLASGOW. 



DESIGNERS AND MANUFACTURERS 

OP <OMrilT^ ' 

STEAM OR ELECTRICALLY-DRIVEN PLANT 

FOA rut 
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MANUFACTURE OF SUGAR FROM CANE. 





n»i. 


A 3 tf 




IF YOU WANT • 

COMPLETE PU\NT 8 FOR BEET 

- OR - 

CANE SUGAR FACTORIES 


Ullc‘S]ic(it1iibiiK 
HSKe mow ihatii 
lMtr*a<tnilury io 
ibe 

Ilf nil kiii«K flf 
BiAcliinery for 
«B£iT furiuntTN 

hai ercctcil u 
hmntlcrahW mini* 
Iwr fif ciiAipIvIr 

om (he wnrM. 


Tbe''Cwd«Fivefi. 
Ulle" b Ihe raly 

eiitllDg DiAnih 

factiiror fully 
«<Iiilppc<1 to pro* 
ilftff !■ iln own 
<)hofM overy kind 
tn marhiiiviy of 
a nHKbm su^nr 
plan I iivcluilmjf 
ekxHrknl ntjuip- 
oiont. 


IF YOU WANT 

ALL MACHINERY 

FOR SUGAR FACTORIES - REFINERIES • DISTILLERIES 

1NCLUOINO ELECTRICAW EQUIPMENT 


APPLY FOR INQUIRIES AND PRICES TO 

C'i DE FIVES-LILLE 

PARIS 7 ru« Mentallvftt . PARIS 












THOMAS BROADBENT& SONS, LIMITED 

HUDDERSFIELD. ENGLAND. 

Worl^ Renowned ktikers of 

CENTRIFUGALS 

'^OR SUGAR REFINING. 



A Popular Machine for a Small Factory. 

Odiriprising Cdninfupl and Pufcmill drivsn from SiMm Engine through ft Clutch. 

K Mrt itqm I U I ■ ll< < «tA W rsi „f m m bj 

SPIM wMbc I u I ■ ( iBhh in I tk •■cm fm li ting t Ihii attihiiu*) 

HAND POWER, BELT. STftAM WATER or ELECTRICALLY DRIVEN MACHINEB. 

In ftll type*» end eieeft—Unite vr fieUerioe. 

SpfCffiuUofti iftd Qvpdtiwit on fftofpt of 

■ 


CENTIIFUQU MACHINES SUPPUED DURING THE LAST 60 TEAK. 






JOHN MCNEIL & GO., Ltd., 

ENGINEERS, 

Colonial Iron Works, GOVAN, GLASGOW. 

Ctblr Addma OOLOKUL. 0LA800W 



QLTINfuPLE EFFET 15,000 «iqu4r6 fMt H S. 
McN^ir^ CsntMl Calandna Typ«. 


MANUFACTURERS OF EVERY DESCRIPTION OF 

SUGAR-MAKING MACHINERY 

WITH ALL LATEST IMPROVEMENTS. 














AuvaiTjcncmn. 


COMPLETE AND MODERN 


CANE SUGAR 


’FACTORIES 



17 ftOLLEft UILLINQ PLANT. Roller!, 30in. dia. y 60in. long 

JOHN McNEIL & CO.. Ltd., 


COLONIAL IRON WORKS, 


GOVAN. GLASGOW. 


ENQUIRIEI SOLICITED. 
















A^VKSTIffUmt. 
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« 

THE FILTRATION OF 


UNITOI) FILTERS KgUIPMENT 

in «Apei*ially dcstigned for:^ 

CANE SUGAR MILLS 

Pcrvcnlvd Julcx'* 

Sn I ph i tat i oiv I )t'fec4it ion J nice. 
Straiglit Mill Jnico (with KieacIgnliT), 
Carboiiiition Juice. 

St<Ulc<J Mtjd«. ‘*Carha*a,” etc., 
'J’fiick JmetSi Synijw. 

BEET SUGAR FACTORIES 



CANE SUGAR REFINERIES 


• Washed Sugar Liquor, 
I,ow (>m(k' Wftsfi Syrtip, 
H«r»iK*rv Mudfl. 


Ui and 2ml Cnrhonation Juice. 
IL'l and Cold Saerharau*. 
Tliiii and Thit k Juiir. 


Kbma Fmtkr (Ap<m tor dlwliaivcl 


United Filters rngliners and equip- 
nielli have taken a leading part in (he 
dcvcicipmcni of riltniticm mclhodi luiu 
able for ut«t in conjunclioii with com- 
imralivtdy new fdler-aiiU and bleaching 
agents m*li as Filtcr-Cnl and various 
vegetable carbons. 

In addition to numerous insuHationA 
throughout the United Status and Canada, 
nur fillers are Iwing U!ted in many of the 
principal sugar millfi and refineries of 
the Argentine Republic, Bcigiam, Caba, 
Dtmmark, Egypt, France, Germany, Grest 
llriuiu, Japan, Java, Mexico, Philippine 
Islands, Porto Rico and Santo Domiogo. 



* UNITED FILTERS CORPORATION. 

* Main Office and Works: HAZLETON, PA., U.SA 

Branch Offices: 

NEW YORK. CHICAGO. SALT UKE CITY. 

Exporl Oept.f CUNAftO BUILDINQ-B5. BROADWAY-NEW YORK. 
ilMtttY. wemaH UNION arh itfiii«i>, m iiMafe e«eM. c«e« ampmh UN<FiLm*Htw 







M. 


SUGAR JUICES AND SYRUPS 


T|kC intelligent ftelccUmk« oY ihi* 
beit typ9 of flUtr for any partic ular 

class of so gar mill or refinery %'otk 

involves many teilniical apd pntcticnl 
comideruiioiis that are not infn*(|neDtly 
overlooked. Progressive sugar men are 
coming more and moa* to n^)wi that 
this phase of Kiigar niaiiiifectikn* pteu'nis 
a highly epeciulizcil <i»gim*rring probiHu 
in itself. 

For many years (a*rtuin of our eu* 
gineers havtfilevotcd tlicmst lvis alnioM 
exclusively to llie iiik|miveinenl iiJ 
methods and eijuiprnent for clarifviiig 
various jaiivs, syrujw and licjitoin hm 
countered ifi dilTeri kkl bratkchcs of tlkc 
sugar industry. 

Their cumbiiy'd I’Xp^'riencv ctrtbraces 
practically all the imporianl sugar pro* 
ducing coiintrivx of thr world, lK>th raiio 
and l^eef, and is backcil u]i by tbc four 
MtpsraU snd dlslirtct types of filU'is 



IHIUUCSK CONtlSUOVd (VaiTDR) KII.TSH. 


UNITED FILTERS 



I NITKIJ t'llTKkN VlrltM. 


wliich tt*c maiiurai'iun*. luch of thesu 
1 yI N's i s s| ick' til II r nda \ lU ;il to ccita in da wh* 6 
of M*n*icc an<l ka'sl Londilirms, while the 
line as a whole tliorimglilycckvcn the en¬ 
ure field of sugar filtration. 

Our ongiiii'crs are conMe([uuntly abki 
without biasnr prrji>diic, to r^Tiunmeiid 
tfie general 1 r|N* oi typk'K of llllt^rK ivhich 
in llirir judgnu'Ol will best senv tJie needs 
(jf tlie individiuil mill. Scniring our ndvire 
in a nnitU'T cif this sort places y<iu under ^ 
iihsidnlely Jir» obligation to us. nlthougli 
luilurally we hofic to t unvitusi tlio pros- 
(lenive piircliAMT tlialiiurowu ettnipmeot 
oifrrs tlu* Ih*hi example of wliichevcr ^ 
geiHTal type ma^ be rcconinj(*nded. 

All of this atvumuUted sugar filtration 
i'X|H*rirno', ns well as the faiiililioK of our 
large nml nnsk'ni ijiunu fur Luring plant, 
are .it > k »ur di s| h wik11 or the askii kg. M crely 
let us have an oiitline of yemr rcquiremenUi 
and «c will lie glail to submit, without 
obligation or ex|*ciiM: to yoo. a detailed 
n*purL covering metjkods and equipment 
VC would suggest 

ft 

ft 

CORPORATION. 


• /THEODORE L. CENTER. 

EUROPEAN BRANCH.| dS. Ave dtt Champs Elysaaa, PARIS. 

( CoSft AMf«fti( UNiriLTia, SAtll. 

LOCAL SALES REPRESENTATIVES IN THE PRINCIPAL COUNTRIES. 





AotunaiaiNTA. 
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SUPPLIED. Ninb KotLRk >IiLL. to wflrk in «onjanctioQ with exifting Three Roller kJiU aad Cniiber. 




AUTCkTHUKim. 


The 

FILTER PRESS STATION 

together with incidental Mud Tanks, 

Oloth Washing, Pumping, and Mud Disposal 

equipment is ELIMINATED by use of 

The Petree Process 

BECAUSE. 

From ] to per coul. more Sugar is Kocovered, 

One operator replaces ten to tifteen workers previously 
required, • 

Factory operations throughout are simplified, 

Less than half the floor space is required, 

Olarifioation of the juice is better, 

s 

Masaecuites boil more freely and purge more readily, 

Heater and Evaporator tubes require less cleaning, 

Cleaner and better keeping sugar is produced, 

No filter cloths need be purchased, 

Upkeep Costs of Equipment and Fu6\ Consumption 
Charges are considerably reduced. 

THE PETREE PROCESS 

produces 

More and Better Sugar at less Cost. 

_ f 

If YOU are interested in MORE PROFIT from SUGAR 

please communicate* with 

PETREE & DORR ENGINEERS, Inc. 

Bsnoo del Cenads. 67, Wall Street, 

HABANA. NEW YORK. 



Our Plants 
embody 
ihd iafcGt 
mprovcricni 
in Proce 5 t», 
Design and 

Mwofdct'; i*c 


S«nt)'yrtrs 
Expcnence 
in Supplying 
Sugar Machineiy. 
Evaporatinq & 
Distilling 


sucju nootr oubikc iRccnot cfiMPimiY CffuiPBto Kf^cncf 


CKyBTALLISVmS 


CAir-moH CLAfttntM 


•uiRS co^vjoussnu. 


ii-noLm ewe suca* 

Send anquirlee for all itema of equipment to 


|t5 govaH 
Lm guscow 

'BUten^l^Mtan/* , 


Nakcrt of all types 
Sug ar Machfn ciy 

laee. 


London OFFico 
Serdtnle House. 
Nn9lw«)rWCa. 

































U. S. E. 
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ED S C/G 

ENGINEERS L™ 
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. Sugar Machinery and Factory 
Designers and Manufacturers. 

' Odr Association of experienced TECHNICAL 
ADVISERS WITH SPECIALISING MANUFACTURERS 

. ASSURES HIGHEST OUALin AND LOWEST COST OF 

> • 


PRODUCTION. 



• 



Head Office 

■ 115 HOLLANp Road 


London, W, 14. 

’UAR DIRECTOR 

• 

. R. MITCHELL. yUMttikM, 

• 

TELEGRAMS • 

. UNISUCROSE, LONDON. 

, A tELEPHONB 

IM4 FARJL 




fvni 


ADTKVTIBlirVirrK. 


“WESTON 




Centrifugals 

Belt, Water and Electric-drlvepi in all sizes. 



SvciioN.u. ViBW or c»i'it lU’Tl'OMtKSS Basket. 

Note the Blcqilf bottom iJieU! Thr« is practically an aucooatie 

H’lf'din’husin^ tinw and labour aaTint*. *ilb crcotly 

inn rased oat put. Can he fifietl lu all Ky|w*i of stLspended Ceninfogala. 

VVe have other iin|K^ant im|«nn‘e«Kflts. mUe for {.'a1;f1o(*aes and fuU iafonnatkia 

to (be MaJeer.: 

POTT, CASSELS & WILLIAMSON, 

MOTHERWELL—SCOTLAND. 


caMta: * »*orr. nuTuetweLL * 











AlttKlTItSHBKTB. 


THE SUGAR MACHINERY 
MANUFACTURING Co.. Ltd. 

-WOflW*. twdiw." n, ILMAU ftOAD. 

^ lOHOOH, W.f4. 

^ Wfu. ovtmiw. 


' iiO Hk (tiUaMt. BCMnirS. WiMtHlfl MIO*. MlfCUUM, Miff4ft. 






t« M It iVM Mm 01** 

LONDON. 


4wf*f f 

OOl/iK Vd/ttvMdUttO* ArtKiat 
$il00ttf4 /*• t$**f npfrtt ¥if tiff 90 M Cn.. U4. 


ALL EQUIPMENT FOR MAKING 
SUGAR-RAW OR WHITE. 

Emrm factohies heuqoeluo oh miRH 

spimima: - 

CAHt RAKiS Ano UlCHAmeAL HAHOUHQ OF CAHl BY AU SfSTFUS. 

ROTARr CAM$-KM/¥eS FOR L£r£Ulf/6 A/fO mPARfHO F££D fOR HIUS. 

HAXYiEil PATINT cmHEFSHHEDDER. * 

iirittA rBducthft of eono to fitro. 

MAXWELL RAT107 JAGGED H0LLEflS‘^9o^j4 $r si$me/ital irpta, tnown In 
/trs at tha B£ST rolfar, an4 wHioul Bwbt iha bett top rottof for 
offactini eaaa preparation in mlllt. 

SUGAR DRYERS. 

ALL CLASSES OF 6EHERAL SUGAR PLAHT. 

mFm£0 $HIR BASAm mHACtB. H£A¥Y DHLS, 

men iFFtet£SOf hiatimb abd £¥APORArm hart. 

£«.. Eft. 






AprikYmKiim. 


JJ/ill V L 1 EN&INEERIN& CO, Ltd. 

SEGAE MACHINERY MANUFACTURERS, 
SCOTLAND STREET ENGINE WORES, 


Hetd 

224, WEST STREET. 


GLASGOW. ..M.coimiaow.- 











# 

Harvey Engineering Co., Ld., Glasgow, 

SUGAR MACHINERY SPECIALISTS. 


SOLE MAKERS OF THE WELL-KNOWN 


•HARVEY 

EVAPORATOR 


WE HAVE NOW 


CONSTRUCTED 


^VAPORATORS 
FOR OVER 

ONE HONORED 
AMD EIOHTT 
SUGAR ESTATES. 




Bamy's Bkudwuple Efiet Bvajoratpri *— 
— - Dry Air Vaeuun PamplD^ EnflDa. ato. 



AMTtftnMaCSKtS. 


FILTBE 

PRESSES 


POR 


JUIOE6, 80UM6 and 
8YJIUP8. 


8. H, JOHNSON & CO., Ltd. 


P 


THE tNOHaSftmo WORKR 


8TRATF0BD, 

LONDON, E.16. ' . ENGLAND. 


Tm.KVHnxi: MAUYLAMJ 


CAii.M: Plt.THUM. I^KbOK. 


SPECIAL 


PUMPS 


WITH 


WATEB-SEALED GLANDS 
FOR 8UGAB LiaUORS, 

STEAM. BELT OR MOTOR DRIVEN. 



CLARIFYING 

FILTERS 


TANK. TYPE, 

FOR SUGAR JUICES. 

• 

OXFR DUPLEX CELL S*nTEM 
DOUBLES THl PILTBRINO 
AREA IK A alVEM SPACE. 






AnrXDTlUKBlft. 


Successful Application of NORIT 
in Cane and Beet Sugar Factories. 

NORIT AS APPUI:0 SINCE IMO IN RAW CANE StOAR KACTOKIES 

IN LOUISIANA. 

(l^slracS fnmi ;iu artiric io (he *• U*. It. huNsTtiNr, Jr., 

Ldk llani (Ih* Krlha'i^*) 

THE FOLLOWINIJ AI^ICLE CLEARLY INDICATES THE DETAILS OP 
APPLICATION OP THE NORIT PROCESS IN ACTUAL PRACTICE. 

Cconomkally wrofis Ivf can« or beet tufar factories to slaod Idle from • to tO 
months out of each year. 

** On (Ar /itr^ nf thr inutUr. it tmtl’ji ••Hlifrtu tnrtnif fuf »i iM/fttMinwi ttiffur Victory. 

irprsM/wiMT/ ti vamfyinui^ctsf lo/jt fvpi$nl inn^tm^Hl. lo ttfirntlr nh>iitt rm* tMuhftm and to Hand 
idU /or un monthti on/nf nsrti j/mr. f Hi «jh 1 nlTlor a dcruiU'oi ntotr. tLrrt* Iiam* Im*!! Attempts 
ukade In lakv m<Ivaiiia^' of tiu idK' v«|ui|wiriit in ihe kiipar auiI 1 r> re Am* roir HUffnrs ; 

but in themaiu. Ilie rri>p]ia<( U^tn KtiuiinJ lu (lir (uiial «Hy. 1 lu< < baiietl up, marli/nrry 
laid by, .'vi^ uo lurtheroperotK^n!^ cinulucirdvNtvpl the dry me <d Ihirtl nwn^n In till Niminiet, 
Atirl the uccviwnry rcpuir.» madi r4»r the next m'amoi." 

** For thv pAHt 1w«* yi'HnllK’ wtller tiua Ueii o>nnerl<«l Htlli iIk' So rting Rr/tnery. one of 
the Isrip'At plaiilR 4t|aT.itrd in l.oui).iana. and nhiHi plant li.n. )tr.‘i<‘lir.%lly mtlrr^f /hr o6oi<« 
mmomir pn$ittrt»»,'‘ ^ 

“ .S/rrfino urii/imtlfi/ a niir mgar /nrhtr/i. vlkfe an iIh* dsinends of I he marhet pmm|>lpd. 
plan tat ion yean ulnb d, yelk** elurifu d.<*r ravm nviv iiiaJinUtiiirid, hiu> »intr thr btgin- 

lUnff of lOitI WtMiMWMl nn* m a fnti /trttij^ mjinr rrfiHfry. nrinff NORIT. o nf/rtatitr rarbon. 
Thir fartorg A<a* o grimlimf af •.lAMl tfmm rfrr*7v, f/riruttng on thr tfrv«wy< IIUl.tHHI frma o 

yeOP ; ewl optr^imj tuf ti njfhrrf. htu a«/ut/y mrt/ing m/mrOf/ ut 170 tun* uf ro*** «N{rnp. Tliia 
capacity van beiacK*ased t<» per tby by ti few wldithuni to tlurn prcM*n 1 vrjidpnicnt ; 

and tbu rt in rontcmpI.iled mmoi to ib*.’* 

Raw Mfir^houM plant. 

" Duriay thr yrimlioK NCQMii.AVKar cancis oiihuMlnt trim HtondHitl ktauyc cant by an over* 
head yrab ayHlcin, The cuuv l« ki oun J by two n hiv •Her ni itb iti i d i*n»hcrp.. 1 ha t a u- {>ara Ikl. 
Tlicre are apprtixiuiaU'ly 3.000 liorM* ptiw^rnf U»iK’r>». I.7 mO ll.P. of which is in SiHiuy nil ter* 
tube bofk*Tit. The jiiicr ix i v.iiairateil hi a xtoailaril quadniplcrnecl nlncli has ample cepor* 
ity for (hr r.UH* jtrouud, l.iminy lankh. four tK^aten.. ami iKiiiiiiy M*ltk>r>. comprise I hr Julre 
vlariScatlon riid of tUr bouse. The mtwl fnaji the xotik’rx taken cate of by ample mud 
blow upa .ind mmlefii platc-and frame fillrr pnwan.” 

'* The lioilmj; cAparity coaxixUof fnnr putts, Fi^ht 40'in:icbitrs. nine 30* Mnd twelve 30*. 
^uflder three mixers, n>in.ldute the n*n(nlucal erjuipiuenl. A nicMer. two KTAUiOator J. 
rcTOlTiiiK scfctn. antomalic xcales. bsc M*wiuK muelrinr ami ekuiiic lru<ks. make up the 
I'nmpJemeRt of a modern Aiifiar factriry.*’ 

*'Ail thix e 9 uipoieD( in hciu$e<l »n lin>bir|;e fnnr xtort'y liriek a >d >te(d tsinxtrtirtioo.Arf prr'of 
buildings.’* 

NORIT plant. 

*’Io addUion t<i all llie atxtve Is (he NORIT plant. Tlil.s ism^islx of n Ihtee xlortry steel 
and caTvaoiiied iron boilding. n^itainTn^' Ifae foI)o«’i»};; a* a 30* plate .and fro me prcMes. 
oat SweetUnd ftlicr. two xmall UiirTilterx. three mikbij; tsukx. one vomlrn ri»(ern. ivm 
rcceiTiug uT storage tanks, a NORIT kiln, and neerwarv pumps. '* 

Successful refining with the sld of NORIT» 

SUfrting hoM as atnrr mrntinnrtf. f-ngnr/^ «NrerM/Ni/y ia thr rrfining of both Louitnana and 
C'ibon raw »>if/art Ht*ring thr prriud from FrArwiry. d 030. up to omf inrjudinj/ ihr timr of thio 
vriting, tohmrhrio mrUingCutwm raw rTrihoirtht." 

Coabfolng raw sofsr tisaufsetBre from caae with raw MiNsr refining. 

Adracription nf tlw oprtalnra of tlie fartury folkivm :< *’As tbe cane passes on the rorrkr 
to mtOa it is va^^ed with a sprayer <ir sliower suspendisl over the enfrier. uaing tondeutaltoa 
water from tlie cflertM. The joiu*. sttAinnl in (be usual way is pumped tu llir btaing tanka. 
Itilk-oMime to reduced he natural arklily (o 0*8 r.c.or It'S ox. is added, and aUo “ Filter-Cel” 
la the propoftioii of about 4*A liw. per (on of eane. The '‘FilUT'Cel ** is added in a water 
iuapenaiofl of about IS* HA. The Juice is tlien pamprd Ibmugh the beaten, beating it to 
about SIA^F,. lo tbe set (bog tanks. IVcaaling tbe clear juice over the tops of Ibo aettlere, 
it Koea to the chtrfe tank of the efU'Cti. and is (here cvureutralcd a ojrvp of about AO* 
Bri*.” 


fConfmttod m nrai pagi~) 




Mllflf iystom in raw Mfa/ Md lk« hou§t, ^ * 

“ Tbc ttyT\t\t fnia ihc rffect* « pnmptd to (hr pu floor ud fini end second niAMceiutti 
boUrd thcn-fTniu. Thr flnt iu»<Mttiitf a niHlcd 4( About 7t* purity, the high purity tri the 
kyrup U*iB|* rc’iliKXil by (opt'^nK '* ^tb mokMce t tail (Iw icroad tuMeeniitt ot boil 
tMck " h iMikil At a1«iut >i(r purity by I'uttiagover frout the flnt pen ud buitdiu up with 
iuo]eMi*». 'iliCMT br>il buck ktriken ar# droppt<l into the lu»t*ioom can, kft iu the not^rooQ 
for four or flve iltty^ aad tlivn pnr|crd. The mnJthiK m-off raoset fttm 15 to Sfl* ptsity, 
and ill pumpcil outUcle a> fina) nioluM^ or Idark^lrap.** 

** The fin»t uiay«ciiitc ik dropiird »to a miier and dried in machmea. In the dryiaB, 
ab«>ut thri>c jraJIotu 4d water are apphed and tbr sujEor woobed to M* parity. The ton of, 
or vudu'uii. len>jnj( tJie cvnirifuitAh before (be water in applied, ii rtm throoph a oeparite 
Iroujib auil iMn Mporatv tauk\ inmi that talo wbidi the woob. or hiehcit ptmty acdiMH 
wbivb leavi*!. IIk* maehiaca ufter (be watet ik pu( on. ie diocharged. Inla noi'Ofl i» tieed for 
'* t<ipfrtng off '* tbe fint maMeruitee and the balance li boHe^np lor oecond auMeeuitte.*' 
The clapreilioii of the wa>ib k referred to UUt." 

“ The oeitiad nuneeniiieh are drieil ui macbmea without waahing or wHh abonf a half 
pint of water daubed into the nuiehme ahni the dutch le (brown out. to facihlale cutting 
down. Tlii» kugar u» then eoaveyeif acroi* to n backet elevator, curried uo and diocharged 
iutn a mingler. where it »s'* mingled '* or miired (v a proper conaialescy with the waab above 
referred tu a\ c^ tilling fit«i tbe wash in g nf the flnt moMeevite tugar. Thiu mingled aecoad 
kugar f4lK iJilr> tile m»yrr rontaiuiiig flrvi maiaeniile and In mii^ with it, io that it geta 
a tbiuTilr purging, and ik W4shc4l up with (lie flikt naaamilte atigar to flp* purity. Aa ' 
|iTcvi<iualy O'CiKhU the riiu off Ihioi (be kcotiid uiaMecuilca iu boikd either to thirds, or ia 
piimpent oil(to the flti.d nu>t4aso tanka/* 

Raflnifljc procraa with the aid of NOfllT during tho grlndlag goantn. 

Tlie W4sht il r4«v nugar i*f iKt* purity (Ueii goea to a meUvr, wnvre with either clear water, 
or higU pill I tv t>wwi water. il k dkiol s ed. Tb is li<)uor. after being atraroed through atraiaeta 
made <»f reutri/ugal hncni. iv pumped thiongh a neater where it ia brought to 100* F.. and 
4uicbarge«\ into the NOR IT nu a mg tauLk. NOR IT hi nvaaured qaanfitk* w added, the 
tnistun* atirrcd with un^ebuniral atimia. and tlicn pumped to the top floor thsongb plata* 
anddrame pn*v»ri.*' 

Qiullty of Mquora and reflaod augari obtalnad. 

" Tftf ff(ti nU firjMor UariM-i ikr yrrMca in pme/ieuffy worrr wAik /rem rha hrgtr xnitM do/ra 
e/ NOR IT ''ooi. nivl lAi* genemf rowmve •/ Ma tanking rha prraeea fn Me cemplaie 
a/ eparwiona. U •trrh n n fwrfa nA iu n>hHr im «o pemni of aoenomiSeiii epamrte a orwf iSo production 
of A gpOHli/Mf Mu. •tnwiurd ifrcoHhfrd "Hifor, the rtfuol in erary way 4» lha bent honehhei tu^ot 
produoed.'' 

Filtration and decolorlutloo with tba aid of NORIT la oao oparatJom 

** At SterbOB thr<>e NOR IT mixing umkk of upproximately 4.(NKt gallnaa each are uaed 
alteraatelr. Fur Altering the liqnor. foor 9A" plate anddrante prcWi. aggregatbig ap* 
pnixmiatcly S.TOfl iqiure fec( flJfering knrfacv are oued. In addition, a Sw^land flAer ia 
aluo used 1i> 4UBnivnt the catioefty in amansiTdeacTibedUler/' 

**T]ie NORIT i* imd tnree lime*, and occaaionallv. a part four timet, before retoning 
to the kiln to 1h; riburvediintl rp activated. Two pretaea ore run at the aame time : aad In 
the uhOie of till* NORIT tJir Aral titni*. Cw tankk of liquor with NORIT added, are pumped 
through tlk' two prrkM*K iu kue<ra«k)ii. the total amonnt of NORIT added to tbe flve tmikAi 
being the .uiiotuK wbieb filh (he rfaaiulieia m the preokca. It ta known that the two preaaoa 
bohl I.M>A lbs. i>f NORIT Vrv Inikik. In the aecvnd uaiug of the RON IT the enntenta of 
(be two pn*sca nre divided between (brer fanka of Uqoor whleb ate pumped thfonab 
(he two priuMi ill KucTi'ahion. The cake Hi (heae two presaea ia in torn eir dried, tbe enkr 
cut down and the NORIT osed a third thne. Tn (be (birdnaingthe l.kOOJba. of RORIT la 
divided equ4llTlwlwct*iitwn (aiiiLkof liquor, which are pumped thmngh the aald two pramn/’ 

Sugar racovory and revlvlflcittoa of NORIT. 

‘‘After tlu* (‘timpleiiooad tlw above deacrihed cyeW. tbe RORIT ia ilried in tb« piwma OSd 
cni duw&, being a< iw dumped in (o a woodtn natern of 4 .OOd gelkma capacity. Tbti clattn haa 
a mvchaiiicol atirrer. and water iv added to the aweet NORIT. Thia mixture ia then batted 
and pumpiHl through unotber platC'and frame prvaa inataned for this purpoae and 
“kwecU'Ucd off." NORIT haa the* fao*dty of retain tag tbe impuriliaa abaorbed from tbt 
kugar Unnor .ind tbe kweet-wmter coming from this pceaa la aent to the melter for diaaolvhag 
(he wasned kugar. The aweetrnedoff NORIT cake from th^a preu polaritea from aero 
to 1*0 per rear.; gcncraDy uoder tbe latter figore.** 

Ro»barning NORITr 

" ThU awcHcned off RORIT ia then oent to the NORIT kOn. Tbia kila cpoalfta of 
pain of cast'Iron rctnrta arranged tiorfxoiilaOy one above the other,.and half tbe RORtT R 
convevtd thmogb one pair of rvtorta. and half throa|^ tha Other two. Heat ^a tuppUad by 
buruing oU (or eoS»>. and before entering tbe kiln ^pcr. tbe RORIT It dried In two uu 
located on top of the kite, which are beat^ by the gaaaa from the fnnaca. The ROR IT I* 
cottvayed abwiy through tbe retorta bv ennveyora inalda. aad the lowar retorte attftlff i durry 
rad colour. The temperatutv tealda^the low^pan of the fcflB chamber R ma int i te ad «l 
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lldQi K. Tttf liPffIT iA ilvrtiiuievd Uom the lowt’i rrlnrU nf ttk* Mia e iftiik •)i veler. 
Tbie «nitcr |ituvi‘iua ttu' ibj NOIIIT ip*tn llybis ^ a rvUjrtii.*' 

** Pnifii tkU feuk wbirb ib iiUisI Milh 4 mi’^uirAl Mirrcr. Ihc nuxtuir of wnUt *Dil 
IIMIT m cither tuc’il ax »iirh, or ia nmulx^U jn rHKbi’iJIf 11 Ji lo a plate iui<(/r 4 iui: pn'M 
UMtftUbU for thia jmrixiM’. undo/tcr lOc prrsv is filkd, Ilk* «*«kc la «cli 4rkd with air^ifl 
tbett cut (|t>wn{B* iu lltn Thta NOR IT uo« rciulj'ttj 1h< iisvil o^rr Uff^in tm iieah 
batebea of Jjqui^r. aisd vj]l Ik* iimhI iJim* tiuica Kfiaiu lieiot^ U w 11 lmn)c< 1 .** 

li the kiln iafeil nuiforstly, ita operatioo U rife •alui^oiory. hni us a luatlrr uf touliAc 
check aampica an.* lakea every liulf konr. yi»tu|*%iC(<l usul Uf-is niatlr esciy llirci' houra 
by bpilloK u of Ihr drv NORIf wMh a A |Ki (('ll!, r.iiuhe Mnla to cti'tnmiuc 

if the HORIT haa Im u kell liurtieit." 

"Tht* NORIT Sum'll lu|uor. in A<«wuik fioni ikt* prc*>M'a. paw's n snuill Imk 

filter. This ia a lifvouliounry m4*«»ure lr» vUnunaU tJic pciM.ilMlilv r4 u»r qnHUlily of 
NORIT getting Uy m cam' of a TnmI i V»lli lu llic pivaa nr any buiatiogoul ilw* to UaU dnaaing 
of the preM. It la then pMrfpi*<l to tire pan fioor •rnrl iKtrliil into pianMlaiiil si)f*Af.** 

Syetnrn of bollinx refined Mgire* 

*’ Pour boilipga Alc uudr aa lolbtwa: TtroalJikixif all fiiat liijiHir au* IhhIciI in atuivMKJiif 
tkc riia*offK from tiieae two ainlurs Imitcil |i>i:cilK’V lor a »K«oiid. nnd ilic inn nff Irriiti the 
ecomil held. Tbia opcfAUrAi is rr|KAU<l unul ibe Mnoiid tnn off Jir>pi a m*coiic{ hoillDK is 
obtained, when the two secxjnd ruo ofis atc ladkd for ihe tbmi. Tliw t^impliic ikpi'taiiun 
ia rv{ieated und w hen Iwn run mils from Ihhds atc ohlaimd u fourth is lH»iUd, TbcM 
MtrikfA are dried bi ffi' macbiiies with gianl ckau water oUtaiiU'd fiom llir t.ii] |i»|ks on (he 
pan*. TAa grwf. aaaoiel ervi thi'ni ungnn or* off rnvire^ t'* pnch 6y (ArWMfr.«. but oa tun 
UAna are dropping alt eiualely. aoiiaturr MolMAiind br mm sing m Hh' sug.ii bin. 'Jlu sugar 
IroTU the f^rtb iMiillBg la always brhl uutil it is followed Uv j AM wiib wlinli U o luiieU." 

**la dr^ng {ci ntrifugAlliag) tbi>c grABiilAled stTiko, tlu* waali and nm ofl ntcAlki«c<l 
to mix togetim, exce|rt hi thi* rase «if iIh* laat Isdlnig. In diymg lliisslriki iJn w/isb ^nd 
riin olT Ati' separated ; the wash Unjigirf biglur fnirMv and lirticr loknir rs IsnUd buck bij 
A se»>ud or third graniitAtcd, and the riui^iJT of aUtut H(P purity is punipcil to Hh* suine 
tank Into wblch is pumped Ihe watk horn <WAsli*Bg the raw siigji. rn* llul n iN»rlioM of it 
ia uicd for htiiiglliig the M’Ortidraw sugarawhirJi ajv ikuiMe imigi**]. Wh.il is not dis]MaA'<| 
of iu Ihia way ia labo Into Ike raw aogar poii akaig wUb simp and 1u»ikd bu ritws. In 
any event thj» tank ia litf 11 Mated every SI houra." 

Huadllng tlMe refined eujier. e 

" Tlte wbife aiiKAJ Jmiii the ivnlrrfnKals is ekv.il* d in a bin and b d d<tvM into tlic granu- 
la (ora, tliroagh 11 rcvolTiiiK snecn. br aiibinLAlu'smka. ond into ItMi ib. |s>ckcla, or la 
paikcdiiu banrli. l4ic aurki are all Mwed by a ma*Jiin<, kMiUd ou to idaifoinis. which 
are picked np by eWeirfc trerka. and iwnird over idutbnni Mwks for iluik fit acigbl and 
Counl. and are tak<*n direrl |o fnight cam b«f akiteiiinl. or luto tin* wnichouse forslorugr/* * 

** Thna. in (Ae roaoerffM? af th* jhtVc nf fAr mnr imu* sKgr»r 41 ro/ finot mufowrM. 

all under one rca/. vt hmv (Ac tfor^st AypnxrrA m rht pfnnrtr/t‘ droa/s / end o// nr n cem- 
m«rMal 2 y potiWr oper^im coef.** 

**The Augar pmdmvd bas withoat cx«\*ptimi Im'U (be UM a refining point of view. 
In farlllty oi wusklug up. filtration and ilecnbiriaafiAn.*' « 

ReflBlnf of raw aufure during the Idle aeueon. ^ 

I " Avuminff ogfim fa the of fmr$ tnrri^ aa tifirr (Ar gnadmi; mwmm, (lu uictliodA 

of uperatioa in the NORIT plant and pan htiiiM' aic lUe mvjc as dcirritird os l<*ing UAcd 
daring the griudiag. I nal ra d >d 0 * 1 1 lag tire raw sng^r fi on 1 he |ua*s. snga r i n sacks is I ni iked 
frirtB freight can or waTcbouac. the augar diimpc*! into Ihe booyif a bnckci clcvalor. fwiriert 
to the lotegter. and the luasucniile mnib' for wnabiug tUc rawa. The Iwticry of nine SO" 
BLadilaea ia naed for (hla pw r prme. and tire raw sngas is wuslicd up (<» Ml purity, the wa^b 
aad the run*off being Aeparatod.** 

.**The waah ia oard for aragliug ike raws dnuipeil. as i« alsn the run off fnna tbe laat 
graanlatad attikea. Tire rtin off. which has a purity of al ('Ui (41 7(1*. U boiled Utr a “ high 
temell.” the purity of the niaaaenrite beinr brought down to al«i^i 74* by topping olT with 
from A previouA strike <4 high rcmi'N. Tlicae sir ilea arr dropped r&lo (br miser 
of the $0^ nuchbii'a and (bSa mixer having a pAr(i(k>u. dhitiiiig the (wi*hc iua<4ijiicB into 
two bafterim <4 four and ciglit maHjiucs reapeflivefr; right mnctiincs aiv uwd to An Ikeae 
airikea. Thiiie high rrmelt striki-n are tUied wklntutNrash»Bg. pnwlncing a sugar of atviul 
fi4'5 to polaiiation. and arc conveyed armos noA ftiuiiptd 'u wilh the mwa al the 
raw anger elevator. The win-off baa a purity of alvnit 4S* This riw off i» b«>iled back on 
a ent-tmr from the high rcmclt pan. and the strike 4tjoppMl at about d4* purity. «llid “ low 
renMt.'* These strike are dropped inlo bot*n«>in can in Ken 44 ermt alii sen. aad after 
two or three ot^more days in the lBti*rooBL. are dmnpcd into (he smallrr part of the aliove 
nfrmd to mixer asd^ dried wltboat waahing in the fonr SO^ maebJnea. Thia augar haa 
a pol^mtion of fiS to pn*. and la olan crmTcy^ amMA and damped into Ihe raw sugar 
olmtor. The na«off of about Sfi to puily goes out to the molaaaca tanka aa 
bfaA*atiap.* 

**The rtaeH avgan at* waabed np afong wilh the raws dompe<l and of rovrae go back 
falfo pvooBaa." 
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No pr«*filtration of liquor re^ulroq^ < 

// wiU he ihitt /a r' Afuntj miN ae ftnirfuml ai Uterlintt- tti* VfV o/ the muhnl 

e/i^sr ti'/fiof M rrMriivf fv, lUiw (*1in]»nu1iA|' I hi* 4iU(l ln»Di*k* inciik'iitol (u lutiiiij bag* 
fi]l<’rH or ui^ lyiH’ c^i leaf Aticni. Tiiia i*f n^um* pul* im^rc of o Uurdiro oii itw NO KIT aud 
Ml tlu* of time Ibv NOR IT ureumiilair» a quantity of mineral mHldr Ihiu reducing 

the I’arlMMi ratio, and t>ar hilly eloj^'ini* tike |MireK of tbc' NOR IT.’’ 

Occaalonal chemical treatmeat. 

"In oriler U> re<liiit' tliix anh Ui tlie NOR IT. it is (ivfkMlicaUy UHlrd with a 2 per veut. 
hydruelilurie acid KidMluni, a ml uhiu ol times wUb u fi per reui. eaUMticnoda wdutum. TUe 
ueid treuliuruf is in (In* wutMU’ii cutem. im’vknuUy referri’d 1 <*. vhirb ia alao uaed for 
fiwei leniuK oO the NOR IT imsa i’nU* ; aud one ol the iniu mixiiikt tanka '» UM>d f<tr (lie srxla 
IreaimuJd.'* 

No attempt will U* nnuh* lu ihia artlelc tu make a c\>in|ULriwn nU the relative merit* 
of rcAuiuK with NORJT and other uclittxla, notably vitli bimel^ck ; but it ju«y be pern la* 
ftdde. in pawiitQ. to draw attestiou lo the MimpliHty of Iko proetMt. ih* comporQtiiKlp malt 
a*aunM of tmUerinf m pfofMM, the ahurt //mc ehpsinif frvm one otrp in tht proff»0 to onothor 
nn’l the Ofi'nntitfjeji thtretif." 

Yield of refined augar. 

fThr 0»t/itr ohtitiH»t in ao pood no mndard gfannht^ OHpon oUninrd by tmoirm honrehar 

"ft huJ bei-n demoHHfmlni heyorut a HoHbt th/ttn tffotnrfof Mtin. of aKin4far>f irmn^fhifeif 
0utJt$f per I IMP the. of\nS test m»O 0 enn he ohniinrtl ; nnet nfm that the pettroo ma 6r rmutnetnt 

ttu r« rutHmtfnnP'i ^ 

AdvanUfea of the NORIT application In a raw augar houM. 

*’A NORIT ms 111 lint ion in a latiory imiviOn tbc iwt>-fiiJd U*ueflt of tvnnitttuf the 
phvnui lo rouurl Iim eniio loto aaoKur for wUieh Uh'IT m a bid ter ilcomnd iliuii any utUtr 
MMKuT. ui< WH'll av Iwnij* u li*‘IU*r ketpinf* Riixur. alnarld biyU’t'kle lo Indd it lur nu>rc udvaatiqie* 
oiiK luarkidiu): : and IUaI ofjiaviuy the equipment availablv totUUd Ihe refin lUg^eUb buylUK 
his lud^htKiUT s raws, or bireJKn ani^erx. and 111 Us Ikdp to curry overheoil. keep Ids urtiUiiaatiun 
loKi ther. and enliuiuv the tntriii>U' v^duc of his fudorr.*' 

11. Sa.vmmwn, a I.AulMaiia unicar e a perl amTlate Su|keriniendcni 9t Tlie f toikbaui 
KelmcrlrH ** Iteseivr’* uiul ** Kimball,” which former iclinery uses boncchar and the 
latter has applied NORIT, oays in *' Kaeis aboul Suj^ar/* re , 

Yield ol refined sugars obtoloed : 

** Nvio. A* Ut tteittal ft a" no of yuM vn granuhted mtigar on n 6o«i« of a P<i fter rrtU. row ougar 
th> peroeHfwje mvkr^rrd in mmI pfaiwa NORIT otnounta to tKI'.llt. n figure fu$t ot pwd os 
the he^l eotultieieti ttonerhur re/inerUt eon hemsf of. It ttakiu Appears that there need bc ab* 
luihitely no drlTen*uiT in yield, wind her horn rhar nr wgrtuble cafbnibi are kised os Biediusi 
for ri'Hu ills low' siikuts," 

**Sweetwateri.** 

•* SwwlwuiefH, nhtAiiuil from NORIT. Un iustani'e. ure «/ high purity, and for that rtcoon 
run he fuken right irtek into the riernil fo mrfi tmohnf ougar*. vhite (*«« mentioned ohorr) nerrW 
iPitfere oriiiiimfimj frtim honrehar are tarteti on AeewnM of thrir htr pHritg and grneml unfit- 
nees. ^YiJi]e it lUAV lake uiote water iu tlie twgiuning to wwdi raw svgara lo a hixh parity 
wlieii rvAniU)' with vepctaRl*' earlaiuti. aud (he amouut nf uffi&alk»n syrup c^moequently 
will U’ iniTeoMd. this will U' mote (hau rompcJiMted fur by the quantity irf evaporated 
swivt-wat4*r to bt, lak«*u earv of in a huneblark pUnl." 


]u LfuiUiunitt " ffterting." Soothitovm.''" JPhnAof?.** aad refineries are 

tvijTkuik; the NORJT pro^M fur a uumbtr uf years. 

'f'he NORIT prorfMs for refining rirher rone or brH rwpof or for the manufaeturr of *’ Qdlden 
^grup." plnrttoe or rumwi/ruft hoe hern in oe/uof nor riner 1911. S^rept erperimentoBg no 
fnetorif htn up f nntr (| iig4) or/Moffyof pftpf a>»y other tierohrinng iwhon (wirA it* ret irifieotion) 
in luuiimiana, or rlMtrhetr in the. uvirftf. tor fir irfinrnp of miP $»fgoT, other ihon NORIT 
The RORIT prurrM in wirkrti in Unlkm/i, Hi-Igi*rm, ymner^ Jtntg. Bnglond, Tortugal, 
etermoHM. Czreho riemmark. VaneuM, the tSailed Sottee of Amerieo. VeneiUeh. Ifong 

Kong. JajWK^ and Mo^ombigue. 

Some fnttoriee vroditee, oHtg rhife mndard gronatated tupar. otSer* m^nufaeUtre btoide 
grtmuhteU *H„or, frur/eieube*omt hut eupar bg thr''AdonV' proeeM. otkm ogainircU prund 
eufte# ofid proofed hnf.eumr emd “ wAite atao " OoUen Syrnfi" and olher hind* of 

mhie tgrup* are prr>dHet»l bg fA< NORIT srom. Jn Hoihnd, lAr Beondinooian Ulond*, 
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Application of the NOR IT Process in Hqlland. 


'^NORIT" proceM it Dlnteloord. 

]*rol. l>r. A. llRhZKKU*. Ibe L>muu*ul Mi>;ar ix)rfl niul chimUt. piibluihe*) )u 

2>iV Dtuuifhe hi» imprtwHiUM uiili RORIT in ibv Uri bupjx ^Arioiy l^mltlcord 

where lu' pi'rxoiiimy wiUivNM'A ihv mkitw «»/ »)iwt |>rmT>iA, 

*ri)e i>intt’V«iril niMralivc )icvi xiig.ir anti tifiiury. un<U*J inunaficDU’tit of 

biriHior t)r. Vr.KKKV, h.*M a Uakly taptmly <>f A,mNi of nmlH. uiitt Iiurh nut K^ety wliUe 
jeraniiUlefl >iu/EAr, mainly fof tlx* Engfuh tnaikeU hi a <|iiasjt)ly of h.ipc of 

14NI kilos [WT lUy. 

The NOSIT plait at JiiaU’lonrtI *4 : 1 luixini* tajiki>. S monU<jii\. 4 filler prcMOS 

fi»r KiiKur lujiKif. 1 ictaviiy fillers. SwcaHbiim'Hl i4ul». I tank. ^ Finuacra 

(1 dofihk' aiKl 3 ■single onrii), and S miuiU pnMo for whaIimik llie eAibi*n. 

Method of arplylax NORIT. 

huriiiK llu* waMtn all ihc after imxliMi Micara it )»ijjlrk«<rd are afTianlHl (waalKd in 
4TJUfthiRulii), luehul. treati'il with NON It and mi ml ni with evaporator Uel iiVilip frntii 
vrlih'h mixture' llie white jfraiuilatid ^ngar is Ixiileil. Tlit« syskiii Jins ihe rtlMiUluce that 
the rcfiiiriljiiiltar ia Lxnivd from a syrtip<4 high piirty iitiil Jiglil tvloiir, wliuh litjuie, more* 
over, i« alMolutely rlear and lirilfiaiil. 

The while groatilaUd siifinr ] in Mime'll i» ixA’IIccil. i*ipH»Miitg 1 amt i liar nruud sugar gs 
li> wlidetiess on<l n|>|a>urAii(v. Tb«' siigat tiiraeil oiM lUy after day front ihc liegliiiiing of 
(hcM'AHou (of hr end is of exnilly ilia same wkitiiiiNiaiid l•r^|linn^y, mo] sHIa hit lie l.oiiUriu 
market at tfie some i>riiv ua iMiiivehar granulale'l sug.uK. 

Afirr the mmsoii. IktI sugar from oUn r faeloilia n Ciud ul liijilikKttd, nml after (ha(, 
Tuvau ami Culmu ruw roue sugar ia similaily irt^alid in tim aunie faiiot]'. hi nil lliew 
nistanixii NORIT in lucil, nml one anil yie suine NONIT is tililisttl, 

hinielcHird hu no Inmerhar plant, and lus nfimil 1w«l and eane sugars iliinng Ihr put 

right yests K>kly Hy the NONIT i>rorc*». 

The ihigar luiuom are mixed with llih eailMm in fjie mixing tanks. keaUd lo m* C., and 
lliL* NONITEO lianoi ia then fihervd Ihiongh plate and fronu' pressca. inon1e}na inalearl of • 
immpn being used, vrlicrt'iilter (he fiKired litpiors are iiin lhrough Jianek gravily fihm. 
The uw of llu^e grnvily fillers is only a safety jiicwntr. 

At Dinleloord (here is lui Xtv't of NONIT h* he sera in ihe fHClory, wbUh is elean through* 
out. The KONIT in aua|WiiiU'd in water, end this siiftpeiiskm » pi.niprd mto (he sugar 
(Iqnom, The NONIT in t«d to llh’ anioiml of «c2"» to h .WJk lot heel sngnls ; i nd l^y*! |% • 
if emie augurs are being worked. 

Ot’rof. Herzfeld's sUtement* 

Prof. hr. A. IlfKxrKtnsays in his artirlc (hal ()K' filler presses rati fast ord hrillinnt. so 
that the after-fiMratHm Ihmugh I>Anek filrem appeared mil l<j Ixaneivasiiry. The maxinun 
pressure in the NONIT presses Is kepi at 4 1 Hint 3’fi A(ni. (aliout 3*4 lla*. per Mf. inch). 

of NORIT. 

After (be filicr pnsMH arc filled with NONIT. the loke* are waaJird with hot vraler, and 
the sweet •water uaed for melt mg fmJi Inks of affiuaiid (vn&licd) uw sugars. ComptesKd 
air is used for drying the NONIT eakes in the presses. These euacs are eiilier iwa again, 
or arc (ransporlvil to the rtvivi Scat ion plant to be regenerated. The NON IT to be 
rcgeneraicd is pumped into the woenUm acid*ianka, and either washed with water or oecaalon* 
ally treated with hyctnwhlork aeid by tiodiBg'iltt tuixture fur about hslf'on'hriur or cn 
hour, after wlueh ihc avid panic, diluted with w^r. is pompeil (broogh plate*and'fraaie 
presses. Tile caken are washed in (he preua with hot water, dried with ecmpreased air. and 
discharged into the pre-drying tankt of ihi* fui&ace. The pre-dried NO NIT is passed (btougli 
(he fuTnae« (patented by tlic <*BSrFJtai. Noxrr CoMFaKV. Limited), and there subjected lo 
4 heat of SOO to pfiO* C., whcrcaficr the rebumed carbon is discharged into water in a mixing 
tank. 

NONIT can be re^vified. and remsed, easily about AO timn, and when used on good 
quality sugars the revimfiiatioo can be carried out still oflener up to 100 (hues. 


fCmfiNutU >m m*t ^/v*> 



AppUcatioa of the NORIT Process in CzechO'S'lovakis. 


NOniT procejt it Katfbor. 

TtM fini vzpefuueols, on the rvfio*of of raw beet with the aid of IIOlirT n CtedK^ 
Slovakia, were caaied out in the Jtadbor Su^ar Kefiaery ip the off>9eiaon of the lOfl'lBSS 
campaigu. Tb« result of Uua cjperisivnt, which oaly luted coe w^» «u such, with 
regard lo the qushtj of the deiolonsed liquor aud sugar obtaised, that the owaer of the 
RadlMr Sugar Kefiue^ took the iroahh during the scaaon of l9S2 l9ld 10 pay a visit to the 
Uiutelourd Sugar kenuery in Holland, which since 1^1 A liaa refined both raw beet and 
caDe eugoTH with tJic aid <d NORIT. The result of tbie vlait wu that it wu ded^ at 
once to put a NORIT plant iuto the kadbor refinery. _ 

This decision to iuMal a NORIT plant at kadlur waa aade during the bect*stuon of 
Th" necessary machinery, including the NORIT oven, wu erected and rompleted 
in 24 day*, which Oemoiiatratcs clearly the caac and shoplivity of the pruceaa. 

NORIT replaoaa another typo of decelorialnf earbon. 

In previous campaigns kudUir refined iu beei sugara with the aid of another decolor* 
ixing carbtui (Carlioraffio). which wu replaced in IMS by NORIT. 

Many lactorUa lo Ciecho»5JovaUa follow toll aftor Rodbor Introduced NORIT. 

Since then several sugar refineries in Civilu»*SlPvakia, vis.: Itlbr*K(MteletB, Kuttenberg. 
]«ou&y aud Hulicv totlowisl soil, said iulrodurcd the NORIT proceu in (heir factoriu. 

Hotnv. wliich alMi previously refiurd its sugars with the aid nf anotJtcr decolorhiing carbon 
(CarborafGn), abandriacd it and now NORIT only is applied there. 


NORIT application requlrea no pro* fill ration. 

The uppUcutHiu <if iJh’ other decn|oru»iDg inrhou, which fiLliera badly, demonde a pre* 
liltralM>o s and. mori'ovcr. this x*vry captive carbon*aiutot be revivified. Therefore, for 
economic rcas<jus its UM is neevasarily limited to very suafi perccutages. which do not realise 
tile desired result. Filtration and decnloriuticio with RORIT is carried out m one operation 
whilst tliis carbon is revivifietl with ease, being used over and ox*er again many limee. 
It may, tlwreforc, be adiUd in larger aruuuat. * ^ 

Summary of roaulta obtained at Radbor with NORIT* 

The folkiwing sunuuary of res id la of exprruueuts made with NORIT at Radbor is taken 
from an iiupnrtaut article by I>r, J aa. l>jrt»KK (of the Fragoe Sugar Ryperiment Station} and 
]N0. K. (Chemwt to tile KadUir sugu refinery), pubbahed in the SwieoM/i /i7r 
£Hcktrinftu$tfi4 uce C'zseAoaloMkiceAan Mfjmotik. 

a j>ccok>Tiaatk4t and filtration with RORIT in one operation proved to be an euy arid 
k' procedure. Vork with NORIT uuy be compared with ordinary filtcf'preu work 
(htod hurd carlM>U'cakes arc obtained. 

(2) KcgcncrulMio iK the iim'<1 RORIT. (vfwuially with the use ^ the NORIT oven is carried 
out witU v.iM,'. aud Hk* oin>u delivers wvU rvbunicd NORIT having abaoJulcly aatiafactory 
prutwrtivfl. The kws i»f«NORIT through rvburuiug. etc., does uot exceed 0*03% of the 
weight of the raw sugur treated. m 

(9) The dcioloriutioB obtained depends upou the p^eentageof NORIT added, and by 
using I to 1 \% fW the weight of sugar contained in the Uqnor. a coustant and durable dc* 
<xd<»risati<*u of owr 4Ki% (ap (o ) was obtained with the first and second liquors (said 
liquors bemg trealvd one after the other without the intermediate revivification of th« 
oDiv used MIR IT.) 

Further notable polols mentioned In the ume nrtlclo: 

<4} Th** loluitf of dvcolonscd Liquors equals that of bonachar-treated liquors, and the 
pr4Klu<’l maik* fr(»m the (rested Uquors u inepmachably white. 

(5) ChinpuGKK of the NORIT plant: of the plant wu erected from eiistinf 

ULiJiineiy (tanks, presiics. etc.), the only item iiecessitatiug porchaae being the NORIT or en . 

(A) The cheapness of (be RORIT carbon (its price oeiug about Aid. per lb. u com* 
pared with the price of the other casboq previotudy used, costing Is, id. per lb.). The cost 
of rcgcuvratiou invlndiog the kea of carV>Q, fuel and labour required, came to 1 m than a 
half'ptnoy per Ib. « 

(7) Saving was effected as the result of the elhuinatioa of bag-filtratioa (and the apparatu 
for this operatkm. abn for filterelotb, labour, f ueU eta): and of the eliaiiiatioo of sulimitataoa, 
etc. « 

lt(Y>noAy in full was rflcctcd thitnigb beiug able to boil sngar from denaar kqaota* 
n.g., fib* brix.. wlicreu ptcvioualy tlmse of about 65* Briz. were xAbrkad (and ftoa ssnS* 
docoloriced llqiors. not neceasitating repeated bo&backa). This meant 10 tooa el 
masseaikc of iKI* Bhx.. 1*4 (on ku smtar to be e\*aporat«d. or a uvl&g of• lOCbIfiD kg:. 
(I ton) cr^. or i9fi^ less total amount of steaar necessary (or botiing down to myptal. 
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Some of the Pactoriee aed Reftaeriee in Europe 

uoioc NOffIT. 

CZBCHO^SLOVAklA. 

At iUdbor for rciiniaf; raw betrt angur NOAIT onJy in wtX. likvwiiie at Hohft, At 

and XiuiM»6«rg NOetT' is applied in rvajuaciiori wttb bofi«c(iAr for n’finiag raw boet 
aogar. whiJt l^anf niet NOKIT for (he fiJtratioa and liecoJoriMtioii of borl juice {ayrup 
fro« tbe quadrupW effect). 

HOLLAND. ^ 

Dinteloordi prvviouoJy a raw beet factory, rrfiuea raw Iwel and caue aiixAia with the aid of 
eOeiT daring and after the beet aeiurfm during tbe loaf H yean, tbua redning the whole 
year round. At the Honosdia and Ond*(^lcl refinerim raw cane and raw beet eugora 
roipecl ivety ore reftned with NORIT. 

8BL0IUM. 

The Raff^n^nt TirUmviUiM Al^iee NOR IT ia with bunnhir for refiuJag 

raw beet and caoe »u|an : and the Vi^ux LiUo beet augtr factory rcfiaoi raw cane aagora 
asiog this proceoi. 

DENMARK. 

The Phooii* redoery, previously uoiug Itoncehar. now re dues evie augani noWly with tUc 
aid of NOeiTi pmduciog in odditKwi lo alandord white graiiulaiiil. rula*K and hiaf sugars 
by th« ** Adoot ** proceoa. and aUb Jiu&ulaeturuig VUxt and press cul«s. 

a 

FRANCS. 

The Btn^rd Frrrcx refinery produen gfanulalcd NUtr«r and <vlwi front Insd and coni, 
sugar by the aid of NOR IT. TUs stt|ar'house has also refined " Jiiggcry/' s very low doss 
of Indian raw sugar, hy the NONIT proeew. PUfiunm uses NORiT foe tlie fill rot kin and 
dseojorioatioo of the lint moiOMScs. reauUine from Imiluig lievl syrups to white gianuUted 
sugsrd, os well os its lost alter*prvdnets. whirn on* nirlied wilhfua afTnistion. atid mtered and 
dscolo^sed with MONIT in OIK operatiou. ritbi> icn u pruiluciag ywwf from luuUsiief^ 
only after decolorfsatloB with NONIT. 

PORTUOAU 

NONIT ia used for le&nmg raw sugars applying the " euuvret** wJtile kugur prticrss to 
nonnfacturs from raw cone augars only a w’hite fine grained huyar. like tuhle s^l, thereby 
producing no mol i sues. 

^ BNOLAND. 

fTanifey bttt factory applies NONIT for refining the u/tcr prt"tur49. oblame<1 in the niosiu 
foetve (H white sugar, so os to boil these into a white ^so. sThr uve of NORIT has been 
oontraded for by nmy receatly projected beet sugar facl<irics. Many. ineJiiding the larger 
reftoertss bought, a aumber of years ago» licenses for the NORIT rigbU. 

Also a number of jam, chocolate, biscuit and other eoafcctkmefy factories arc using 
NORIT to produce white sugar fi(|oors for use in tbeir own msiiiifactnrc. 

QBRMANY. * 

At KUibo^ and WuUehUhett beet isctoik* NON IT n applied for the some purpose, namely 
the treatment ol the after^pralucts for the p^ud^ of whits refined sugar. 

Partbermore NONIT is used in Canada, United SAitcs of America. Hong Kong, Japan, 
BreriL Veoecuela, Mostmbiqtte. PhifippiDei, etc 


GEfitERAL NORIT CO., Ltd, 

HeodOfflMi dea TexitrAjU 2» AMSTERDAM. HolU&d. 

S«« aUo pAi« ^ tor othar lalomntioA. 
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Notes on Sugar Curing Plant. 

1 ’^IIK mairhhirry for ilu* supu latini; pron'^s uMch ii% in 

t:li»pU*r IV, iH'^inniiig iMi luige 237, format a wr)* iinfH»r1aiU part of 
tho complete factory I'ctuipmrni, and, owiiijr to iia stMYial uaturv. lias to a 
Kreut cxteM <1 i*voIo|h:<I inuiasix'cial brniichoflhe KiigareiiKinerriiiK incUisuy. 

\Vi> ilcviito onntolvi'M rQllioly to lliU bmiK'U of rnpncTlillK* iOMiprislii)^ 
]iriiici|>ally (Ty^UilltserK, cvnirifogal iiiarhinr.H witli tlaiir acocssoriosi siu li us 
hirikc or diHtrihiiiiiig mix<Ts. conveyors nit»liihM*H anri m«Lssocoile pumiis. 
sifters, pug* mi IU. laboratory mUiirngal nuu'hiiteK and teste n. etc. 

In lliu inuiIufacIIIrc uf |ilaiiiAiuoi mIiiU* sugar bv iliu procewt of double 
viiring, I be niassceuile Irotii tbn crynUllisens Is first cureil in h liatirry of 
imliriary eentrirugalK us sliown l»r illuMmilon on |s*ige xsxii. or in our 
SKl.r«i»iM;MAKMKi« Macimnk. lor iW prid inti nary Heparaiion hf the thick 
moliissi^s. li a mOhdist lurging uiaeliini* is nsmj as in lint airahgeinent 
shown liy illustration 405O. op|KMi(<% it ran turn out aiHuit two to fivi* 
tons of sugar fHT lionr. according to the mu'. of the Uiskrt and to the 
nature ol the sugar. Our siicli mat him* c^n I here fine |irr|Kin:^t)ie augar 
for a ronsicloralde number of ordinary cenlriruguls The Mdr*disrbargmg 
ernlriUigal is opi*n in the hotU»ni. and. when the sugar U fn*e*(lryin", 
dischaiges its coiitriils whenever it is stiip|ircl| without any a^isislanee. The 
sugar Irom the fore workers or the solMisthargiiig niachine is diNcliurged 
into a inixiug mill or [mg mill, where it 14 mixed with the washings from 
I he ordinar)' reiitrifugals. and is elevated to the r(*v«ling trough for rliargiiig 
tliu «eutrifugals tif orilinary conslriictitui w1n*re tfie sugar n'tHUVex its liuul 
purgijig and washing in Ihc Usual way. 

It will lie seen from this method that ilic two khida <if iiiohisscs are 
eJlertunlly kept M'piiratei niid that, lu alter €in existing insiaNation to make it 
smtabie for tbi^ proci*:iN. jn> addilionaJ centrifugals an* iiccincsiiry excepting 
one (or two for large inKUdlations) of our scir*dis<'hiirgmg inacbines, and 
conse(|iiently much less labour is required |]»un »ln*n Uie machines for the 
prebininur) si*|iaration of tin? thick nio1a.vscx arc of the same ordinary type 
as uhihI for the hiia^ washing. 

WATSON, LAI'dLAW & CO., L°, 

98, DUNDAS street (SOUTH), 

Glasgow, c.5. 
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Sugar Factory 
Auxiliaries 


CENTRIFUGAL 

PUMPS 

ior every pgrpoK* 
DRY AIR PUMPS 
WET AIR PUMPS 
And VACUUM 
AUGMENTORS. 


Pateol CondtmU Pwn^ 







CrotnlugAl Pu^. 


SuriAM Copdnuer. 


We aIio nunufActure 
JET CONDENSERS 
And BAROMETRIC 
CONDENSERS. 
STEAM EJECTOR 
AIR PUMPS 
a 11 dcscrlptioni* 
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Air nmpt 
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SSARBY SHREDDERS. 
MEIKEQCE CONVEYORS. 


RAMSAY SCRAPERS. 
PECK JUICE STRAINERS. 
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